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[57] ABSTRACT 

An electroluminescent D.C display panel has a trans- 
parent substrate, transparent anodes, a metal oxide in- 
terlayer, an electroluminescent powder phosphor, and 
cathodes formed in stacked relation on the substrate. 
The metal oxide interlayer allows the panel to be 
formed relatively quickly at substantially reduced form- 
ing currents. 

35 Claims, 1 Drawing Sheet 
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ELECTROLUMINESCENT DISPLAY WITH 
INTERLAYER FOR IMPROVED FORMING 

TECHNICAL FIELD 5 

This invention relates to an improved structure and 
method of manufacturing for an electroluminescent 
display. More particularly, it relates to the use of a 
transparent metal oxide interlayer that facilitates electri- 
cal forming of the phosphor of a D.C matrix display 10 
panel or a segmented D.C display panel. 

BACKGROUND OF THE INVENTION 

Electroluminescence is the emission of light from a 
crystalline phosphor due to the application of an dec- 15 
trie field. A commonly used phosphor material is zinc 
sulfide activated by the introduction of less than one 
mole percent of various elements such as mangan ese 
into its lattice structure. When such a material is sub- 
jected to the influence of an electric field of a sufficient 20 
magnitude, it emits light of a color which is characteris- 
tic of the composition of the phosphor. Zinc sulfide 
activated with manganese (referred to as a zinc sulfide:- 
manganese or ZnS:Mn phosphor) produces a pleasant 
yellowish orange centered at 585 nanometers (nm) 25 
wavelength. 

ZnSiMn phosphors are characterized by high lumi- 
nance, luminous efficiency and discrimination ratio, and 
long useful life. Luminance is brightness or luminous 
intensity when activated by an electric field, and is 30 
commonly measured in lamberts, Le. candelas per pi 
square centimeters, or in foot-lamberts, i.e. candelas per 
pi square feet Luminous efficiency is light produced 
compared to power consumed by the device, com- 
monly measured in lumens per watt Discrimination 35 
ratio is the ratio of luminance in response to an "on" 
voltage to luminance in response to an "off' voltage. 

A wide range of colors can be obtained by substitut- 
ing or supplementing the manganese with other materi- 
als such as copper or alkaline earth activators, or by 40 
substituting or supplementing the zinc sulfide with 
other similar phosphorescent materials such as zinc 
selenide. 

Phosphor materials can be formulated into a wide 
variety of electroluminescent configurations to serve 45 
numerous functions. In many electroluminescent de- 
vices the electroluminescent display is a panel which is 
divided into a matrix of individually activated pixels 
(picture elements). 

Two major subdivisions of electroluminescent de- 50 
vices are defined in terms of the intended alternating 
current (AC) or direct current (DC) operating modes. 
In DC configurations, electrons from an external circuit 
pass through the pixels in the panel. In AC configura- 
tions, the pixels are capacitively coupled to an external 55 
circuit 

Electroluminescent devices are also made using ei- 
ther powder or thin-film phosphor configurations. 
Powder phosphors are formed by precipitating powder 
phosphor crystals of the proper grain size, suspending 60 
the powder in a lacquer-luce vehicle, and then applying 
the suspension to a substrate, for example by spraying, 
screening or doctor-blading techniques. Thin-film phos- 
phors are grown from condensation of evaporants from 
vacuum vapor depositions, sputtering, or chemical 65 
vapor depositions. 

Two configurations to which the present invention 
has high applicability are the powder phosphor electro- 



luminescent matrix and segmented display panels, in- 
tended for operation in the direct current (DC) mode. 
Matrix display panels can be used for a variety of appli- 
cations, and in general, can find utility as substitutes for 
cathode ray tubes (CRTs), wherever CRTs are used. 
For example, matrix display panels can be used for such 
applications as oscilloscopes, television sets and moni- 
tors for computers. A particularly advantageous appli- 
cation for the matrix display panel is as the monitor for 
a microcomputer, or personal computer. By avoiding 
the need for a CRT, an electroluminescent matrix dis- 
play panel can make a personal computer more compact 
and thus more easily portable. 

Segmented display panels find utility for example as 
alphanumeric displays in such apparatus as digital 
clocks; pocket calculators; and gasoline pump indica- 
tors. 

In manufacturing DC dectroluminescent displays, it 
is necessary to electrically stimulate the phosphor of the 
display in a process that is known as "forming." The 
electrical process of forming is required to provide a 
continuous film in the phosphor that will luminesce 
with T"flriimtm intensity at a particular desired opera- 
tional voltage. This forming process has been used with 
powder phosphor dectroluminescent pands manufac- 
tured in accordance with the processes described in the 
following commonly owned patent applications: 
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In manufacturing, it has been found necessary to form 
electroluminescent display panels in a twostage process. 
In the first stage, the pand is formed from its virgin 
state to provide luminescence at a voltage of about 25 
volts. This first stage is known as initial forming of the 
panel. In the second stage, the voltage applied to the 
pand is increased until luminescence is provided at a 
desired activating voltage of, for example, 70 volts. This 
second stage of the process is known as final forming. 

In the Forming process, a voltage is placed across 
anode and cathode conducting electrodes disposed in 
stacked relation on an underlying glass substrate. When 
the voltage is applied to these dectrodes, a current 
flows through the dectroluminescent powder phosphor 
that is disposed between the electrodes. The levd of 
voltage and current determines the speed with which 
the phosphor , of the pand is formed from its virgin 
powder phosphor state tojthe desired state wherein a 
luminous film is provided to radiate light at a defined 
final voltage. 

It is known that a substantial current is required dur- 
ing the initial forming stage to achieve luminescence 
and forming of the panel However, the current that 
flows through the phosphor has the undesirable effect 
of excessively heating the phosphor during the forming 
process. Excessive heat will cause the phosphor to de- 
grade, and will therefore result in reduced illumination 
and light for the panel that is finally formed. Accord- 
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ingly, it has been found necessary to limit the amount of 
current that flows in the panel during the initial forming 
process to about 150 milliamps/cm 2 at a voltage that is 
gradually increased from about 12 volts to 25 volts. 
During the initial forming process, the voltage and 5 
current must be very carefully controlled to limit the 
power applied to the panel and the resultant heating of 
the phosphor. 

Also, if it is desired to initially form a rather large 
electroluminescent matrix display having, for example, 10 
640 columns and 200 rows, it has not heretofore been 
possible to form all of the pixels or phosphor elements 
of the panel at one time. Simultaneous forming of all 
pixels of such a panel results in excessive heating and 
degradation of the phosphor. Accordingly, it has been IS 
found necessary to cycle the energization of spaced 
pixels or lines of pixels of the panel during the initial 
forming process. Thus, for example, it has been found 
that a matrix display panel may be initially formed by 
energizing for a particular time an initial set of column 20 
or row electrodes spaced about 16 electrodes apart 
Thereafter, another set of electrodes is energized to 
allow the previous set to cool. Spaced sets of electrodes 
of the panel are cycled in this fashion for about 90 min- 
utes until the panel has been initially formed to about 25 25 
volts. Thereafter, in the final forming process, phosphor 
resistance is increased and voltage in excess of 25 volts 
is applied to the entire panel and increased to the final 
formed voltage. Thus, in the final forming process, the 
entire panel is energized and is brought relatively 30 
quickly to the desired final energization voltage for the 
panel. 

A special electrical fixture and energization control 
circuitry are required to initially cycle forming voltage 
to the panel in a manner that provides about 150 mil- 35 
liamps/cm 2 of current for the phosphor. Even with 
careful control of the applied power, some degradation 
of the phosphor is likely and the panel is therefore not 
formed in an optimum manner. Also, the sensitive con- 
trol of the power during the initial forming process 40 
results in panels that have nonuniform life and lumines- 
cence characteristics. 

It has been suggested by others that the initial form- 
ing process can be facilitated by disposing a layer of 
nitrocellulose between the conducting anodes and phos- 45 
phor of the display. It has been found that this insulating 
interlayer of nitrocellulose decreases the amount of 
current required to initially form the panel by about 
fifty percent However, the forming current is still suffi- 
ciently high so that rows and columns of a matrix panel 50 
must still be energized cyclically to form the panel. 
Accordingly, although excessive heating and degrada- 
tion of the panel may be reduced, the initial forming 
process still requires considerable time. 

Moreover, it has been found that nitrocellulose will 55 
tend to degrade and form water when it is heated in the 
forming process. It has been found that water within the 
panel contributes to degradation and undesirable fur- 
ther forming of the phosphor beyond the final formed 
voltage. This degradation and further forming of the 60 
panel results in a substantially decreased life for the 
panel. 

Also, the organic nitrocellulose interlayer is applied 
to the panel by a relatively imprecise dipping process 
that produces an interlayer of nonuniform thickness. 65 
Also, the interlayer has a tendency to form pinholes. 
The pinholes result in microchannels of relatively in- 
tense current during forming and thereby contribute to 
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undesirable heating of the panel Finally, the dipping 
process must be carried out in a relatively dust-free 
environment Accordingly, dipping requires a rather 
expensive clean room facility. 

The disadvantages of the use of a nitrocellulose inter- 
layer are so substantial that this interlayer is generally 
not favored in a high volume manufacturing process. 
Accordingly, even though it provides a desirable reduc- 
tion in the amount of current for initial forming, its 
disadvantages discourage its use in manufacture. 

Also, it has been found that a conducting sulfur ni- 
tride polymer (SN X ) can form in the phosphor of a 
display and adversely affect the operation of the phos- 
phor. It would be desirable to avoid the formation of 
this polymer and also convert any SN X polymer that is 
formed to a harmless substance within the phosphor. 

It is therefore an object of the invention to provide an 
dectrolurninescent display panel that can be initially 
formed in a relatively short time and with little or no 
degradation of the phosphor. 

It is another object of the invention to provide such a 
panel that is initially formed as a whole. 

A further object of the invention is to provide an 
dectrolurninescent panel with a transparent inorganic 
insulative interlayer that is precisely formed as a thin 
film between the conducting anodes and phosphor of an 
dectrolurninescent panel. 

Another object of the invention is to provide a panel 
with a metal oxide interlayer that will facilitate initial 
forming. 

A further object of the invention is to provide an 
dectrolurninescent panel with an interlayer that is made 
of dther aluminum oxide, magnesium fluoride, magne- 
sium oxide, yttrium oxide, or zinc sulfide. 

Another object of the invention is to provide an im- 
proved process for avoiding the formation of a sulfur 
nitride polymer in the phosphor and converting any of 
this polymer that is formed to harmless S2N2. 

SUMMARY OF THE INVENTION 

In order to achieve the objects of the invention and to 
overcome the problems of the prior art, the dectrolurni- 
nescent display pand of the invention has conducting 
anode and cathode electrodes, an dectrolurninescent 
phosphor disposed in contact with the cathode, and an 
inorganic insulating interlayer, for example aluminum 
oxide, disposed between and in contact with the anodes 
and the dectrolurninescent phosphor. In an initial form- 
ing process, the inorganic interlayer substantially re- 
duces the current required for forming and concentrates 
necessary heating at the interface between the inter- 
layer and the phosphor. The entire panel is therefore 
quickly formed at one time. The interlayer is precisely 
applied to the pand by vapor deposition or sputtering. 
The thin film interlayer has a uniform thickness of from 
50 to 150 angstroms, and preferably 100 angstroms. 

In the manufacturing process, die phosphor of the 
pand is flushed with inert or noble gas such as argon or 
helium to remove nitrogen and thereby avoid the for- 
mation of an undesirable SN X polymer in the phosphor. 
Also, silver is added to the phosphor so that any SN X 
that is formed is converted to harmless S2N2 in the 
presence of heat or electrical energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation, in perspective, 
of a portion of an dectrolurninescent matrix display 
panel according to the invention. 
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FIG. 2 is an expanded cross-sectional view of the rial could also be used The organic binder has 0.1 to 

electroluminescent matrix display panel of FIG. 1, illus- about 3% and preferably about 0.2% of elemental sul- 

trating detail of its construction, and taken along line fur, by weight of the phosphor particles. 

2—2 of FIG. 1. A plurality of mutually parallel electrically conduc- 

ncTAnpnnFQrttnmnM 5 tive cathodes 17, preferably of aluminum, are disposed 

DETAILED DUbCKU'IlUN Qn 355^^ phosphor rows 15. By indicating the 

FIG. 1 illustrates a schematic representation of the placement of the anodes 14, interlayer 9, phosphor rows 

back of an electroluminescent matrix display panel 10. 15 and cathodes 17, it is intended to specify the configu- 

A cross-section of a portion of the panel is shown in ration ultimately provided for the electroluminescent 

FIG. 2, taken along line 2—2 of FIG. 1. The elements of 10 display, and not necessarily the order in which these 

FIGS. 1 and 2 have not been drawn to scale, in order to elements are formed in display. In the manufacturing 

facilitate an understanding of the invention. process, it is convenient to apply phosphor particles and 

The panel 10 has a transparent substrate 11 upon binder in a layer and aluminum for the cathodes 17 in 

which are deposited, on one side, various layers herein- another layer, and then to scribe both simultaneously to 

after described. These layers produce clectrolumines- 15 form phosphor rows 15 and cathodes 17. As is known in 

cence that is viewed by an observer 12 through the art, there are also other methods of simultaneously 

transparent substrate 11 along a line of sight 13. forming phosphor rows and electrodes, which can also 

The general structure and operation of electrolumi- ^ usc ^ 

nescent matrix display panels are known; see, for exam- ^ n^tfactunng use, current flows between 

pie, E. L. Tannas, Electroluminescent Displays, chapter 8 20 ^toades 17 ^ ^odes 14, first to render sections of the 

in E. L. Tannas, Ed., Flat-Panel Duplays and CRTs phosphor rows 15 into a matrix of dectroluminescent 

(1984>, Vecht, U.S. Pat No. 3,731,353; Kirton et al., md ^ 

to cause these points to luminesce. 

U ; S ^ N ^ 3,8 ^ 64< ? md y T** * \ U - S - °n Energized current will flow in the most direct path 

4.140.937. The following explanation, however, will (he <jathodes „ md 14 ^ current 

allow anundeistandmg of the invention without refer- 25 flow5 ^ ^om of the phosphor rows 15 

ence to the pnorart disposed at the crossover points of anodes and cathodes. 

As shown in FIGS^l and 2, the substeate ""trans- Bt ^ sh ^ of ^ £ hor rows 15 is a ^ 18 . 
parent, flat and electncaDy noncanductrve. The pre- »~ £ luminesce independently, by 

{erred nmt<?rij»1« for the substrate 11 are glasses such as . f" . ° . , " iuuuuqm. imist^uusuujr, vj 
soda-lime glass and borosflicate glass. Typically, the 30 aT ™? f™? that energies combmat,ons of 
substrate islfcout 0.110 inches (0 cm) Ihick/ cathodes 17 and anodes 14 to form an image. 

A luralitv of mutuall parallel transparent electri The anode columns 14 of the dectroluminescent 
cau/c^ductive abodes Informed on one side of F«* » V^S*** ^ a^* 0 ' 25 miUimetCr ^ 
the substrate 11 with a light transmittance of 80% and a ^ the cathode rows 17 have the same . spacing. The 
resistivity of 5 ohms per^quan. The anodes 14 can be 35 ^des form with a deiisiry of 

made of doped tin oxide or mdium-tin oxide. 16 P™** ^re mfflimeter, or 1600 pixels per 

A uniformkyer 9 of a transparent insulating material, square centnneter. FIG. 1 shows a portion of such a 
preferably aluminum oxide, is formed over the elec- P*** ^8 a n^tm fonned by ^ columns and 200 
trodes 14 at a thickness of from 50 to 150 angstroms, or «"» ™* dmensions of 10.5 inches (26.67 cm) wide and 
preferably 100 angstroms. The interlayer 9 completely 40 4.5 mches (11.43 cm) nign. 

covers the face of the substrate and anodes 14. How- As shown in FIG 2, the anodes 14, cathodes 17 
ever, the interlayer is cut away in FIG. 1 to expose end phosphor rows 15 and mterlayer 9 are sealed by a back 
portions of the anodes to facilitate an understanding of <*P 20 agamst the substrate 11 m a vacuum or an atmo- 
the structure of the panel. Although the preferred mate- spbetc of an inert or noble gas such as argon or helium, 
rial of this interlayer is aluminum oxide, other transpar- 45 The cap 20 may be made of aluminum or glass. The cap 
ent insulators such as magnesium oxide, magnesium has a 13 X molecular sieve 21 that is disposed over its 
fluoride, yttrium oxide, or zinc sulfide could be used, inside surface. The sieve is made up of a perforated 
Mutually parallel phosphor rows 15 are formed over metal screen 22 and almnino silicate beads 23 that are 
the interlayer 9. The rows are from 15 to 40 microns trapped between the screen and the inside surface of the 
thick and are preferably about 25 microns thick. The 50 cap 20. The sieve 21 is freshly degassed before being 
rows are arranged in perpendicular relation to the an- disposed in the cap 20. 

odes 14, The cap 20 is sealed to the substrate by a low perme- 

The phosphor rows 15 are made of a dielectric binder ation adhesive, such as a low outgassing epoxy resin, 
and suspended phosphor particles 16 (see FIG. 2) hav- i-e., a resin which does not generate significant amounts 
ing a sire of from about 0.1 to about 2.5 microns. The 55 of gas during its curing. A suitable adhesive is Bacon 
phosphor particles 16 are made of zinc sulfide contain- FA-1 epoxy resin adhesive, an unfilled gyrograde adhe- 
ing from about 0.1 to about 1.0%, preferably about sive sold by Bacon Industries, Inc. of Watertown, Mass. 
0.4%, by weight manganese; preferably also about and Irvine, Calif. 

0.05% by weight copper; and a coating of copper sul- In manufacturing the electroluminescent display, the 
fide on the phosphor particles. 60 parallel, transparent, electrically conductive anodes 14 

Silver is provided in the coating of copper sulfide on are formed on the substrate 11 by a vapor deposition 
the phosphor particles 16, in an amount from about 2 to process wherein a chamber containing the substrate is 
about 12%, preferably from about 5 to about 10%, and evacuated and doped tin oxide or indium-tin oxide are 
more preferably about 8%, by weight of copper in the formed on the glass in a known manner. In a preferred 
coating of copper sulfide on the phosphor particles. 65 embodiment, doped tin oxide is deposited in a film suffi- 

The dielectric binder is, according to one preference, ciently thin to provide a light transmittance of 80% and 
an organic material such as nitrocellulose. However, an a resistivity of 5 ohms per square. Thereafter, the inter- 
inorganic binder such as tin sulfide or a ceramic mate- layer 9 is formed over the anodes 14 by evaporating 50 
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to 150 angstroms, and preferably 100 angstroms of me- A dielectric binder solution is prepared by mixing a 

tallic aluminum onto the substrate 11 and anodes. nitrocellulose lacquer and a thinner provided by the 

The metallic aluminum is evaporated onto the sub- Hercules Powder Company. In general, it should be 
strate in a manner known to the art by a vacuum metal- understood that other thinners could be used, if they are 
izing machine. In operation, substrates with anodes 5 made from toluene, xylene, isopropanol, isobutyl ace- 
formed thereon are washed with a mild detergent and tate, acetone and methyl ethyl ketone, 
deionized water, rinsed with deionized water and rinsed Before mixing the thinner and binder, elemental sul- 
again with isopropyl alcohol. The cleaned substrates are fur is added to the thinner. After the sulfur is added, 
then placed about the periphery of a rotatable carousel excess undissolved sulfur, if any, is removed by filter- 
(not shown) which is disposed in a vacuum chamber 10 ing. Preferably, two or three parts of the thinner/sulfur 
(not shown). A vacuum of 10~ s torr or greater is then solution are then mixed with one part of nitrocellulose 
applied within the chamber and the carousel is rotated to form the binder solution, depending on the desired 
while aluminum is evaporated. The rate of rotation is viscosity for the binder solution, 
such that one rotation of the carousel is sufficient to The binder solution is then mixed with the coated 
deposit a dense, pinhole free 100 angstrom film of alumi- 13 zinc sulfide manganese phosphor particles, preferably in 
num on the substrate 11 and over the anodes 14. The the proportion of two milliliters of binder solution for 
aluminum film is then baked at about 450°-500° C in air each gram of coated particles. The amount of sulfur in 
to change the aluminum film to aluminum oxide. the thinner is sufficient to provide from 0.1 to 3% and 

It should generally be understood that the invention preferably 0.2% of sulfur by weight of the coated pilos- 
is not limited to using aluminum oxide as an interlayer. phor particles. If two parts of thinner/sulfur solution 
Other transparent, insulating materials such as magne- are mixed with one part of nitrocellulose, the preferred 
sium oxide, magnesium fluoride, yttrium oxide or zinc concentration of sulfur is provided by mixing 1.5 mg of 
sulfide could be used. Moreover, the invention is not sulfur per milliliter of thinner. If three parts of thinner/- 
limited to a particular process or method for forming ^ sulfur solution are mixed with one part of nitrocellulose, 
the interlayer on the substrate 11. Any known process the preferred concentration of sulfur is provided by 
such as vapor deposition or sputtering may be used to mixing about 4 mg of sulfur per 3 milliliters of thinner, 
form the interlayer, so long as the process results in a The binder and coated phosphor are shaken with 
pinhole free interlayer that is transparent to visible light glass beads to form a homogeneous mixture. The mix- 
and has a uniform thickness. The interlayer should also tare strained to remove the glass beads and is sprayed 
have a breakdown voltage in the range of 6 to 15 volts, on the substrate 11 over the anodes 14 and interlayer 9 
and preferably about 10 volts. Also, an interlayer could to a thickness of from 15 to 40 microns, and preferably 
be applied directly to the substrate, for example in the 25 microns. The thinner is thereafter evaporated to 
form of a metal oxide by sputtering, and thereby avoid cause a coating of sulfur to form over the zinc sulfide 
the process step of baking in air. 33 particles that were previously coated with copper sul- 

A homogeneous powder of zinc sulfide crystals is fide, 
prepared independently of the process for depositing A layer of aluminum of about 1 to 2 microns is depos- 
the anodes and interlayer. The powder contains from ited by vapor deposition onto the dried layer of phos- 
about 0.1 to about 1.0%, preferably about 0.4%, by phor and binder. The aluminum at this thickness pro- 
weight manganese, and preferably also about 0.05% by 40 vides cathodes 17 that preferably have a resistivity of 
weight copper. The crystal grains have a size between 0.1 ohm per square. The phosphor/binder layer and 
0. 1 and 2.5 microns. In operation, an aqueous solution of aluminum cathode layer are then scribed to form paral- 
salts is initially prepared. The solution contains a com- lei rows of phosphor material with overlying cathodes, 
mon anion and the desired proportions of cations, such as shown in FIG. 1. 

as zinc acetate containing 0.4% manganese acetate and 45 FIG. 1 illustrates the scribed phosphor rows 15 and 

0.05% copper acetate. A precipitating agent such as associated scribed cathodes 17, as well as a continuous 

thioacetamide is added to the solution to precipitate a interlayer 9 to facilitate an understanding of the constit- 

powder of zinc sulfide, manganese sulfide and copper uents of the panel. However, in practice, the scribing 

sulfide in the desired proportions. The precipitate is process will likely cut away portions of the aluminum 

then washed in acetic acid and deionized water, fired in 30 oxide interlayer that lie under the removed portions of 

an inert atmosphere in a silica crucible at 960° C to phosphor and aluminum. Accordingly, the interlayer 

recrystallize the zinc sulfide and is washed, dried and will be scribed with the cathodes and phosphor and the 

sieved. anodes 14 will be left intact 

The crystal gains are then immersed and suspended in The panel cannot be used as an electroluminescent 
an aqueous salt solution preferably containing for each 55 matrix display until it undergoes a forming process 
gram of phosphor particles, 5 to 10 ml of deionized wherein energizing voltage and current are applied 
water, 1 ml of 0.1 molar copper nitrate and 0.05 ml of over time to render the phosphor elements of the dis- 
0.1 molar silver nitrate. The solution is agitated with a play into a matrix of electroluminescent pixels. In the 
mixer to effect a surface replacement of zinc with cop- forming process, a temporary back cap (not shown), 
per and yield zinc sulfide manganese particles coated 60 somewhat larger than the permanent cap 20 of FIG. 2, 
with copper sulfide. The silver nitrate provides silver in is disposed on the substrate 11 over the elements of a 
the coating of copper sulfide on the phosphor particles, 640 column by 200 row panel and is held against the 
in an amount of from about 2 to about 12% preferably panel by clamps. The temporary back cap is sealed to 
from 5 to about 10%, and more preferably about 8%, by the panel, for example by a sealing gasket disposed 
weight of copper in the coating of copper sulfide on the 65 between the substrate and periphery of the cap. A dry 
phosphor particles. The coated zinc sulfide manganese inert or noble gas such as argon or helium at a tempera- 
particles are then filtered from the solution, rinsed with ture of between and 80° C and 90° C is then flushed 
deionized water and dried. through the chamber formed by the cap and substrate to 
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displace the air therein, and eliminate nitrogen and 
water vapor. 

After flushing the chamber of the cap, a voltage and 
current controlled source is electrically connected to 
the anodes and cathodes to begin forming the panel. In 5 
operation, the positive terminal of the source is con- 
nected to the anodes 14 and the negative terminal is 
connected to the cathodes 17, as shown schematically in 
FIG. 2, 

Initial forming is achieved by initially applying a 10 
voltage of about 25 volts across the cathodes and an- 
odes. The phosphor rows conduct current as a result of 
the copper coating on the powder phosphor grains in 
the binder. The interlayer breaks down at about 10 volts 
and therefore also conducts current Initially, for sev- 15 
eral seconds, a mnTimnm current of about 1 amp flows 
through the panel. This current causes the interlayer to 
quickly heat at its interface with the phosphor 15. This 
heating and the flow of current through the phosphor 
causes the powder phosphor grains in a thin layer adja- 20 
cent to the interlayer interface to change state and form 
a solid, transparent luminous film. As the film forms, the 
resistance of the phosphor in the area increases and 
thereby decreases the current flowing through the 
phosphor and interlayer. After about three to four min- 25 
utes, the luminous phosphor film has formed sufficiently 
to reduce the current of the panel to about 100 ma. At 
this point, the panel has initially formed to produce light 
at 25 volts. 

In continuing forming, the applied voltage is in- 30 
creased over 25 volts and the current is monitored. As 
the voltage is initially increased, the current quickly and 
substantially increases. The voltage is increased until 
the current flowing in the panel results in a continuous 
power dissipation of no more than 1.25 watt/cm 2 . In 35 
experimental forming of 640 by 200 panels, maintaining 
a continuous power dissipation of no more than about 
20 watts has been found to produce panels with little 
degradation, if each panel is cooled during forming by a 
fan blowing ambient air. However, other upper limit 40 
values of power dissipation could be used. Also, the 
forming voltage could be pulsed to allow relatively 
higher momentary peak voltages and currents, without 
overheating and degrading the phosphor of the display. 

When the product of the forming voltage and current 45 
is equal to the maximum allowed power, for example 20 
watts, the voltage is maintained and the luminous film is 
further formed until the current of the panel drops suffi- 
ciently to allow the voltage to be increased again, with- 
out exceeding the defined maximum continuous power 50 
dissipation. Voltage is periodically increased until about 
50 volts is applied, at which point initial forming is 
complete and the voltage is further increased in final 
forming in the described manner up to between 70 and 
80 volts, or preferably about 70 volts, at which time a 55 
luminous transparent film about 1 micron thick is 
formed in the phosphor. At this point, the panel is fi- 
nally formed to provide illumination at a voltage of 
about 70 volts. 

Although the forming process requires heat which is 60 
preferably concentrated at the phosphor/interlayer 
interface, excessive heat can degrade the phosphor and 
result in decreased luminescence and reduced life for 
the panel, particularly when the panel is heated above 
the phase transition point (103" C) of the copper sulfide 65 
of the phosphor. 

It is known that the speed of forming may be in- 
creased by increasing the applied forming voltage. The- 
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oretically, the forming voltage may be increased above 
levels discussed above and the time of forming may be 
reduced if the panel is cooled sufficiently, for example 
by refrigeration or water cooling, to avoid the degrada- 
tion that results from excessive heating of the phosphor. 
Also, if materials other than aluminum oxide are used 
for the interlayer, the voltage/current relationship for 
forming will change. Moreover, a preferred thickness 
for such different materials could differ from the pre- 
ferred thickness of 100 angstroms for aluminum oxide. 

For example, it has been found in single row electro- 
luminescent test panels that a magnesium oxide inter- 
layer will require less than one-half the forming time 
and forming current required for forming with an alu- 
minum oxide interlayer. A yttrium oxide interlayer will 
form in about the same time and with about 75% of the 
current required for an aluminum oxide interlayer. Data 
is not presently available for a magnesium fluoride inter- 
layer, although it is known that advantageous reduced 
forming currents and forming times can be achieved 
with this material. An aluminum oxide interlayer is 
preferred due to the relative ease with which it can be 
formed in an electroluminescent panel. However, the 
process of the invention is not limited to an aluminum 
oxide interlayer or the values of forming current and 
voltage heretofore disclosed for such a layer. 

After final forming, the temporary cap is removed 
from the substrate of the panel. The substrate may then 
be permanently sealed with the cap 20 of FIG. 2 in a 
vacuum or in an atmosphere of an inert or noble gas 
such as argon or helium. Alternatively, excess water 
may be removed from the panel before applying the cap 
20. As indicated previously, water is undesirable be- 
cause it tends to degrade the phosphor by further form- 
ing. Further forming is an undesirable continuation of 
the forming process over time, so that more voltage is 
required to produce a given illumination. Eventually, 
the energization voltage required to light the panel 
exceeds the voltage output of the driving circuit for the 
panel. At this point, the panel cannot be used. 

In one such water removal process, a vacuum is ap- 
plied to the panel and the panel is heated at about 90° C. 
for about 2 hours to drive off excess water and other 
volatile contaminants. The freshly degassed molecular 
sieve 21 is placed in the back cap and the unit is then 
sealed in a vacuum or in an inert or noble gas such as 
argon or helium. 

Alternatively, after forming, the panel may be pro- 
cessed by freeze drying to remove excess water. In this 
water removal process, the temporary cap is removed 
and the panel is placed in a chamber (not shown) to 
which a vacuum is applied. An inert or noble gas such 
as argon or helium is then introduced and the tempera- 
ture of the chamber is lowered to less than —10° C, 
preferably less than —30° C, to freeze the water in the 
panel into ice. 

A partial vacuum is then applied to the chamber via 
a conduit to reduce the pressure of the chamber to less 
than 25 ton* absolute pressure, and preferably to less 
than 12 torr absolute pressure. The vacuum causes the 
ice of the panel to sublime and to leave the panel and 
chamber through the vacuum conduit The vacuum is 
maintained typically for about 20 to 60 minutes, until all 
ice is removed from the panel. Thereafter, a vacuum or 
an inert or noble gas such as argon or helium is intro- 
duced into the chamber and the back cap 20 is perma- 
nently sealed against the substrate with the freshly de- 
gassed sieve 21. The removal of water and the dry 



sealing of the elements of the panel will reduce or elimi- 
nate further forming and will therefore increase the 
operational life of the pane). 

After the panel is sealed, the back cap 20 may be 
tested for leaks by submerging the sealed panel in warm 5 
water and watching for bubbles. Also, small leaks may 
be detected by placing the sealed panel in a vacuum 
chamber, applying a partial vacuum, and checking for 
the presence of inert gas leaking from the cap 20. 

As a final step in manufacturing, the sealed panel is 10 
aged by cyclically and sequentially energizing the rows 
of the panel for one to two hours with 12 to 17 micro- 
second pulses at an operational voltage of about 120 
volts and with a row current sufficient to apply a mo- 
mentary current of about 0.5 ma to each pixel of a 15 
pulsed row. After aging, the panel should luminesce 
relatively uniformly under normal operating conditions. 

In the described process, the phosphor 15 and cath- 
odes 17 are scribed before forming. However, the scrib- 
ing process may be facilitated by forming the matrix 20 
panel with the phosphor and aluminum cathode layers 
intact As previously explained, the forming process 
results in formation of a solid luminous film at the phos- 
phor/interiayer interface. If the cathodes and phosphor 
are scribed after the forming process, excess unformed 25 
powder phosphor and cathode material is removed, and 
the underlying interlayer and tin oxide anodes are pro- 
tected by the solid luminous film. Accordingly, scribing 
can be accomplished with reduced risk of cutting 
through the relatively fragile tin oxide anodes. 30 

FIG. 2 diagrammatically illustrates a power connec- 
tion for an anode and cathode of the display. It should 
be understood that in manufacturing, these connections 
are made by removing a portion of the interlayer 9 from 
the ends of the cathodes and anodes and applying con- 35 
ducting bridging links to connect the row electrodes to 
row contact terminals and column electrodes to column 
contact terminals. Power is applied to these terminals 
by connectors (not shown). 

It has been observed that there are four modes of 40 
failure of phosphor elements in electroluminescent ma- 
trix display panels. Each phosphor element in use is in 
effect a capacitor in parallel with a shunt resistance and 
in series with a series resistance. An increase of the 
voltage dropped across the luminous film is known as 45 
"further forming,** Le., progression of the forming pro- 
cess beyond that desirable to cause luminescence. A 
lowering of the resistance of the shunt resistor is known 
as "softening." A rising of the -resistance of the series 
resistor is known as "flattening of the load line." The 50 
fourth mode of failure is a quantum mechanical degra- 
dation. 

The flushing of nitrogen from the phosphor tends to 
reduce the incidence of softening by avoiding the for- 
mation of a conducting sulfur nitride (SN X ) polymer in 55 
the phosphor. The addition of silver as described fur- 
ther reduces or eliminates softening by combining with 
SNxin the phosphor and converting it to harmless S2N2 
in the presence of heat or electrical energy. The silver 
also prevents flattening of the load line. The addition of 60 
sulfur as described helps prevent quantum mechanical 
degradation, by processes which would otherwise re- 
move sulfur from the zinc sulfide (such as electrochemi- 
cal decomposition, reaction of nitrogen to form nitro- 
gen sulfides or oxidation to form sulfur dioxide or zinc 65 
oxide). Also, the sulfur tends to improve and maintain a 
desirable rise time of luminescence in relation to applied 
driving current Removing water from the panel avoids 
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or reduces further forming and degradation of the phos- 
phor. Finally, the interlayer allows the panel to be 
quickly and uniformly formed at reduced power levels, 
thereby avoiding undesirable degradation of the phos- 
phor and facilitating the manufacturing process. 

Although particular preferred materials and manu- 
facturing process steps have been described, it should be 
understood that the scope of the invention is not limited 
by this particular description. The metes and bounds of 
the invention are determined by the following claims 
and by the equivalents embodied therein. 

We claim: 

1. An electroluminescent display, comprising: 

a substantially transparent nonconductive substrate 
means; 

at least one substantially transparent conductive first 
electrode means disposed on said substrate means; 

a substantially transparent insulative interlayer means 
disposed on said substrate means and said first elec- 
trode means; 

powder phosphor means disposed over said inter- 
layer means; and 

at least one conductive second electrode means dis- 
posed over said phosphor means; 

said interlayer means having a uniform thickness for 
breaking down and passing a uniform current to 
uniformly heat an adjacent portion of said phos- 
phor means in response to an electrical forming 
voltage applied between said first and second elec- 
trode means; and 

said phosphor means having means for forming a 
substantially transparent luminescent film in re- 
sponse to said electric forming voltage and the 
heating provided by said interlayer means. 

2. The display of claim 1, wherein said interlayer 
means is a film having a thickness of 100 angstroms. 

3. The display of claim 1, wherein said interlayer 
means is a film having a thickness of between 50 and 150 
angstroms. 

4. The display of claim 1, wherein said interlayer 
means is a substantially transparent metal oxide film. 

5. The display of claim 1, wherein said interlayer 
means includes an insulating film having a breakdown 
voltage of between 6 and 15 volts. 

6. The display of claim 1, wherein said interlayer 
means includes an insulating film having a breakdown 
voltage of about 10 volts. 

7. The display of claim 1, wherein said interlayer 
means is a substantially transparent aluminum oxide 
film. 

8. The display of claim 7, wherein said aluminum 
oxide has a thickness of 100 angstroms. 

9. The display of claim 1, wherein said interlayer 
means is a film selected from the group consisting of 
aluminum oxide, magnesium oxide, magnesium fluoride, 
yttrium oxide, and zinc sulfide. 

10. The display of claim 4, 5, 6, 7 or 9, wherein said 
film has a thickness of between 50 and ISO angstroms. 

11. An dectroluminescent matrix display, compris- 
ing: 

a substantially transparent substrate; 

a plurality of spaced parallel substantially transparent 
conducting anodes disposed on said substrate; 

a plurality of spaced parallel conducting cathodes 
disposed over said anodes in perpendicular spaced 
relation to the anodes; 

electroluminescent phosphor means disposed be- 
tween said anodes and cathodes at crossover points 
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of the anodes and cathodes, said phosphor means 21. The process of claim 18 or 19, wherein said step of 
contacting said cathodes; and forming said film includes the step of forming said film 
an insulative film disposed between and contacting t0 8 thickness of about 100 angstroms, 
said anodes and said phosphor means and having a 22. The process of claim 14, further including the 
uniform thickness and composition for facilitating 5 steps of flushing said first and second electrodes, inter- 
forming of said electroluminescent phosphor and phosphor means wrth an inert gas to remove 
« . j f i_ • \i at least nitrogen and water and forming the phosphor 
means, said film selected from the group consisting mean s in said inert gas. 

of aluminum oxide, magnesium oxide, magnesium 23. The process of claim 22, wherein said inert gas is 

fluoride, yttrium oxide, and zinc sulfide. 10 selected from the group consisting of argon and helium. 

1Z The display of claim 11, wherein said film has a 24. The process of claim 14> further including the step 

thickness of between 50 and 150 angstroms. of making said electroluminescent phosphor from zinc 

13. The display of claim 11, wherein said film is alu- sulfideimanganese particles coated with copper sulfide 
minum oxide and is about 100 angstroms thick. and silver. 

14. The electroluminescent display of claim 1, formed 15 25. The process of claim 24, further including the 
by the process of: steps of flushing said first and second electrodes, inter- 
disposing said at least one substantially transparent laver phosphor means with an inert gas to remove 

conducting first electrode on said substantially at least nitrogen and water and forming the phosphor 

*™™™f ™k*+™*~ mtto1ie . means in said inert gas. 

transparent substrate means, ^ 20 26. The process of claim 25, wherein said inert gas is 

forming said insulating mterlayermeans in contact ^ ^ ofargon md h ^ 

with said at least one first dectrode; 27. The process of claim 24, further including the step 

applying said phosphor means, including a dielectric of making said dielectric binder from nitrocellulose and 

binder and an electroluminescent phosphor over elemental sulfur. 

and in contact with said interlayer means; 25 28. The process of claim 27, further including the 

disposing said at least one conducting second elec- steps of flushing said first and second electrodes, inter- 

trode over and in contact with said phosphor layer and phosphor means with an inert gas to remove 

means; at least nitrogen and water and forming the phosphor 

applying said forming voltage across said first and means in said inert gas. 

second electrodes; and 30 29- The process of claim 28, wherein said inert gas is 

forming the phosphor means adjacent to said inter- selected from the group consisting of argon and helium. 

layer into said transparent luminescent film. 3°- 111(5 process of claim 27, wherein said step of 

15. The process of claim 14, wherein said step of m3 ^ the Wnder from mtrocellulose and^emental 
applying a forming voltage includes the step of control- „ sulfur mcludes the step of prbvidmg said sulfomllie 
*L J n *u * ^ ~j» . * 35 proportion of 0.1% to 3% by weight of said electrolu- 
ling said voltage so that continuous power dissipated m 1- *~ . 

* j j* t • i . j , mmescent pnospnor. 

said display is less than a preselected value. 31 . The process of claim 27, wherein said step of 

16. The process of claim 15, wherein said preselected making the binder from nitrocellulose and elemental 
value is 1.25 watts per square centimeter of said phos- sulfur includes the step of providing said sulfur in the 
phor means, 40 proportion of 0.2% by weight of said electrolumines- 

17. The process of claim 15, wherein said preselected cent phosphor. 

value is 20 watts for a display having an aluminum oxide 32. The process of claim 14* 22, 28, 30 or 31, further 

interlayer and about 640 first electrodes and about 200 including the step of removing excess water from said 

second electrodes arranged in perpendicular relation to formed phosphor means by heating the phosphor means 

the first electrodes. 45 in a vacuum and sealing said first and second electrodes, 

18. The process of claim 14, wherein said step of interlayer and formed phosphor means in vacuum or an 
forming an interlayer includes the step of forming said inert S 33 - 

interlayer means as an aluminum oxide film. ^ ^ P rocess of claim 22, wherein said inert gas is 

19. The process of claim 14, wherein said step of m selected from the group consisting of argon and helium, 
form;™ «« Tnt^-iawr ^ rtf , - 50 34. The process of claim 14, 22, 28, 30 or 31, further 
forming an mteriayer includes thestepof selecting the ^ of excess water from said 
material of the mterlayer means from the group consist- formed phosphoTmeam by heating the phosphor means 
mg of alununum oxide, magnesium oxide, magnesium m a vacuum ^ sealing said first and second electrodes, 
fluoride, yttrium oxide and zinc sulfide and forming an interlayer and formed phosphor means in vacuum or an 
insulating film from the selected material. 55 mer t gag. 

20. The process of claim 18 or 19, wherein said step of 35. The process of claim 34, wherein said inert gas is 
forming said film includes the step of forming said film selected from the group consisting of argon and helium, 
to a thickness of between 50 and 150 angstroms. * * * * * 

60 
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Descrlpti n 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to an electron source, an image forming apparatus which is an application thereof, and a 
method of manufacturing the electron source. 

w Pescription of the Related Art 

Two types of electron sources, namely thermionic sources and cold cathode electron sources, are known as elec- 
tron-emitting devices. Examples of cold cathode electron sources are electron-emitting devices of the field emission 
type (abbreviated to "FE" below), metal/insulator/metaJ type (abbreviated to "MIM" below) and surface-conduction emis- 
is sion type (abbreviated to "SCE". Known examples of the FE type are described by W.P. Dyke and W.W. Dolan, "Field 
emission", Advance in Electron Physics, 8,89 (1956) and by CA Spindt, "Physical properties of thin-film field emission 
cathodes with molybdenum cones", J. Appl. Phys., 47.5248 (1976). 

A known example of the MIM type is described by CA. Mead, The tunnel-emission amplifier", J. Appl. Phys., 
32,616(1961). 

20 A known example of the SCE type is described by M. I. Elinson, Radio. Eng. Electron Phys., 1 0 (1 965). 

The SCE type makes use of a phenomenon in which an electron emission is produced in a small-area thin film, 
which has been formed on a substrate, by passing a current parallel to the film surface. 

Various examples of this surface-conduction electron-emitting device have been reported. One relies upon a thin 
film of SrK>2 according to Elinson, mentioned above. Other examples use a thin film of Au [G. Dittmer: Thin Solid 

25 Rims", 9,317 (1972)]; a thin film of Ir^O^SrK^ (M. Hartwell and C. G. Fonstad: "IEEE Trans. E.D. Conf.", 519 (1975); 
and a thin film of carbon (Hisashi Araki, et al: "Vacuum", Vol. 26, No. 1 , p. 22 (1983). 

Fig. 1 illustrates the construction of the device according to M. Hartwell, described above. This device is typical of 
the surface-conduction electron-emitting device. As shown in Fig. 1, numeral 1 denotes an insulatrve substrate. 
Numeral 2 denotes a thin film for forming an electron emission portion. The thin film 2 comprises a thin film of a metal 

30 oxide formed into an H-shaped pattern by sputtering. An electron emission portion 3 is formed by an electrification proc- 
ess referred to as "forming", described below. Numeral 4 designates a thin film, which includes the electron emission 
portion 3. Further, spacing L1 between device electrodes is set to 0.5 ~ 1 mm, and W is set to 0.1 mm. ft should be 
noted that since the position and shape of the electron emission portion 3 is unknown, this is represented schematically. 
In these conventional surface-conduction electron-emitting devices, generally the electron emission portion 3 is 

35 formed on the thin film 2, which is for forming the electron emission portion, by the so-called "forming" electrification 
process before electron emission is performed. According to the forming process, a DC voltage or a very slowing rising 
voltage (e.g., on the order of 1 V/min) is impressed across the thin film 2, which is for forming the electron emission por- 
tion, thereby locally destroying, deforming or changing the property of the thin film 2 and forming the electron emission 
portion 3, the electrical resistance of which is high. The electron emission portion 3 causes a fissure in part of the thin 

40 film 2, which is for forming the electron emission portion. Electrons are emitted from the vicinity of the fissures. The thin 
film 2 for forming the electron emission portion inclusive of the electron emission portion produced by forming shall be 
referred to as the thin fflm 4 inclusive of the electron emission portion. In the surface-conduction electron-emitting 
device that has been subjected to the above-described forming treatment, a voltage is applied to the thin film 4 inclusive 
of the electron emission portion, and a current is passed through the device, whereby electrons are emitted from the 

45 electron emission portion 3. various problems in terms of practical application are encountered in these conventional 
surface-conduction electron-emitting devices. However, the applicant has solved these practical problems by exhaus- 
tive research regarding improvements set forth below. 

Since the foregoing surface-conduction electron-emitting device is simple in structure and easy to manufacture, an 
advantage is that a large number of devices can be arrayed over a large surface area. Accordingly, a variety of applica- 

50 tions that exploit this feature have been studied. For example, electron beam sources and display apparatuses can be 
mentioned. As an example of a apparatus in which a number of surface-conduction electron-emitting devices are 
formed in an array, mention can be made of an electron source in which surface-conduction electron-emitting devices 
are arrayed in parallel (referred to as a ladder-shaped" array) and both ends of the individual devices are connected by 
wiring (also referred to as common wiring) to obtain a row, a number of which are provided in an array (for example, see 

55 Japanese Patent Application Laid-Open NO. 1-031332, filed by the applicant). Further, in an image forming apparatus 
such as a display apparatus, flat-type displays using liquid crystal have recently become popular as a substitute for 
CRTs. However, since such displays do not emit their own light, a probl m encountered is that they require back-light- 
ing. Thus, there is a need to develop a display apparatus of the type that emits its own light. An image forming apparatus 
that is a display apparatus comprising a combination of an electron source, which is an array of a number of the surface- 
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conduction electron-emitting devices, and phosphors that produce visible light in response to the electrons emitted by 
the electron source is comparatively easy to manufacture, even as an apparatus having a large screen. This apparatus 
is a display apparatus capable of emitting its own light and has an excellent display quality (for example, see USP 
5,066,883, issued to the applicant). 

s However, the following problems are encountered in the above-described electron source having a number of the 
surface-conduction electron-emitting devices arrayed on a substrate, in the method of manufacturing an image forming 
apparatus using the electron source, and particularly in the aforesaid forming process: 

In the image forming apparatus, the number of electron-emitting devices needed to obtain high-quality image or 
picture is very large. In the forming process used when manufacturing the electron-emitting devices, a plurality of the 

70 surface-conduction electron-emitting devices are connected, and the current that flows through the wiring (the afore- 
mentioned common wiring), which supplies power to each device from an external power supply, becomes large. This 
gives rise to the following shortcomings: 

1) Owing to a voltage drop produced by the resistance of the common wiring, the voltage applied to each device 
is develops a gradient and therefore a disparity occurs in the voltage applied to the devices in the forming process. 

As a consequence, the electron emission portions formed also change and the device characteristics become non- 
uniform. 

2) Since the forming process is carried out by electrification, namely by passing electric current, using the common 
wiring, power in the wiring due to electrification is expended as heat and a temperature distribution is produced on 

20 the substrate. This impresses a distribution upon the device temperature of each portion and the electron emission 
portions formed also undergo a change. A variance in characteristics from one device to another thus tends to 
occur. 

3) Since formation of the electron emission portions is carried out by passing of current using the wiring, power in 
the wiring due to electrification is expended as heat, the substrate experiences heat damage and strength against 

25 impact declines. 

Though these problems have been described in the case of the ladder-shaped arrangement of the plurality of elec- 
tron-emitting devices on the substrate, similar problems occur as set forth below also in the case of a simple matrix 
arrangement described later. 

30 Problem 1) mentioned above will be described in further detail with reference to Figs. 3 A, B, C and Figs. 4A, B, C. 
In both of these diagrams, A is an equivalent circuit diagram which includes electron-emitting devices, wiring resistors 
and a power supply, B is a diagram illustrating potential on high- and low-potential sides of each device, and C is a dia- 
gram showing a difference voltage, namely applied device voltage, between the high- and low-potential sides of each 
device. 

35 Fig. 3A illustrates a circuit in which N-number of parallel-connected electron-emitting devices D t ~ D N and a power 
supply VE are connected through wiring terminals T H , T L . The power supply and device D 1 are connected, and the 
ground side of the power supply is connected to the device D N . The common wiring connecting the devices in parallel 
includes resistance components r between mutually adjacent devices, as illustrated. (In an image forming apparatus, 
pixels that are the targets of electron beams usually are arrayed at an even pitch. Accordingly, the electron-emitting 

40 devices also are arrayed so as to be evenly spaced apart. The wiring connecting the devices has approximately equal 
resistance values between the devices as long as width and film thickness do not develop variance in terms of manu- 
facture.) 

Further, the electron-emitting devices D 1 ~ D N are assumed to have approximately equal resistance values of Rd. 

In case of a circuit of the kind shewn in Fig. 3A, a voltage which is greater closer to the two end devices (0^ and 
45 D N ) is applied, as evident from Fig. 3C, with the applied voltage being lowest at the devices in the vicinity of the center. 

Figs. 4A, B, C are for a case in which the positive and negative electrodes of the power supply are connected to 
one side [the side of device D t in Fig. 4A] of the array of parallel-connected devices. The voltage applied to each device 
is greater closer to the device D 1( as illustrated in Fig. AC. 

The degree of variance in the applied voltage from one device to another as indicated in the two above-described 
so examples differs depending upon the total number N of parallel-connected devices, the ratio (=Rd/r) of the device resist- 
ance Rd to the wiring resistance r or the position at which the power supply is connected. In general, however, variance 
becomes more prominent the larger the value of N and the smaller the value of Rd/r. Further, the method of connection 
in Figs. 4A, B, C results in greater variance in the voltage applied to the devices than the method of connection shown 
in Figs. 3 A, B, C. Furthermore, though the arrangement is different from those of the two above-described example. 
55 simple matrix wiring of the kind illustrated in Fig. 5 also develops a variance in terms of the applied voltage of each 
device owing to a voltage drop that occurs across wiring resistors r x and r y In a case where a plurality of devices are 
connected by common wiring, the applied voltage of each device develops a variance unless th wiring resistance is 
made sufficiently small in comparison with the device resistance Rd. 



4 



EP 0 729 168 A2 

The inventors have discovered the following facts as a result of intensive research: Specifically, in a case where 
forming is carried out in the process of forming an electron emission port n of an electron-emitting device, forming is 
performed at the same voltage or power if the shape of device is the same, i.e., if th material and film thickness of the 
thin film 2 for forming the electron emission portion of Fig. 1 , as w II as W, L, are the sama The voltage or power spec- 
5 if ied to the device is referred to as device forming voltage or P^, respectively. When it is attempted to carry out 
the forming process by applying a voltage or power much higher than or to an device, the electron emission 
portion of the device undergoes a great change in form and the electron emission characteristic deteriorates. If the 
applied voltage or power is less than V term or P form , it goes without saying that the electron emission portion cannot be 
formed. 

w On the other hand, in a case where a plurality of devices connected by common wiring are formed simultaneously 
by supply of voltage through the common wiring from an external power supply, a disparity in the voltage applied to each 
device occurs owing to a voltage drop in the wiring, and devices are produced in which the voltage or power applied 
thereto exceeds the forming voltage V form or forming power Ptorm- K known qualitatively that the electron emission por- 
tions of these devices deteriorate and that the electron emission characteristics of a plurality of devices develop a large 

15 variance. A quantitative approach will be discussed in an embodiment set forth below. 

Accordingly, in order to prevent a variance is applied device voltage in the forming process, it is necessary that the 
common wiring connecting a plurality of devices and introducing electric power to them be made wiring having a low 
resistance. This demand regarding wiring becomes even more important as the number of devices connected to the 
common wiring increases. This imposes a great limitation upon degree of freedom in terms of manufacturing and 

20 designing the electron source and image forming apparatus and in-terms of the manufacturing process. One result is 
an apparatus of high cost. 

Problems 2) and 3) mentioned above will now be described in detail. 

In the forming process, an electron emission portion is formed in an device by passing electric current Owing to 
such electrification, however, power is expended in the common wiring and in the devices and is converted to Joule 

25 heat This is accompanied by a rise in the temperature of the substrata Meanwhile, a change in form at the formation 
of the electron emission portion of the device is susceptible to the influence of temperature. Accordingly, a variance and 
fluctuation in the temperature of the substrate have an influence upon the electron emission characteristic of the device. 
In particular, in an electron source and image forming apparatus in which a plurality of devices are disposed, an 
increase in the devices to undergo forming simultaneously is accompanied by a problem even greater than the occur- 

30 rence of variance owing to the voltage drop in the common wiring. For example, a distribution is produced in the rising 
temperature at the central portion of the substrate and at the edges thereof where the heat escapes. The temperature 
of the central portion rises above that of the edge portions and a variance is produced in the electron emission charac- 
teristic. As a result, in a case where an image forming apparatus is manufactured, the variance in the electron emission 
characteristics of the devices leads to various inconveniences, such as a difference in luminance. This leads to a 

35 decline in picture quality. 

At the same time, the heat produced subjects the substrate to thermal shock or deformation. This leads to safety- 
related problems such as rupture in an image forming apparatus constituting an evacuated apparatus in a case where 
the apparatus makes use of a vessel that must withstand the pressure of the atmosphere. 
The following difficulties also arise in addition to the problems described above: 

40 

(1) The number of devices capable of being connected by common wiring is essentially limited. 

(2) In order to reduce wiring resistance, it is necessary to use comparatively expensive materials such as gold or 
silver. This raises expenditures for raw materials. 

(3) In order to reduce wiring resistance, it is required that thick wiring electrodes be formed. This lengthens the time 
45 required for the manufacturing process, namely the formation of the electrodes and patterning, and raises the cost 

of the related equipment and facilities. 

SUMMARY OF THE INVENTION 

so Accordingly, an object of the present invention is to provide an electron source exhibiting uniform electron emission 
characteristics, as well as an image forming apparatus having a high picture quality. 

According to the present invention, the foregoing object is attained by providing a method of manufacturing an elec- 
tron source having a plurality of surface-conduction electron-emitting devices arranged on a substrate, wherein a step 
of forming electron emission portions of the surface-conduction electron-emitting devices has an electrification forming 

55 step of subjecting the plurality of surface-conduction electron-emitting devices to forming upon dividing them into a plu- 
rality of groups. 

Further, the foregoing object is attained by providing a method of manufacturing an electron source having a plu- 
rality of surface-conduction electron-emitting devices arranged on a substrate and connected by wiring, wherein a step 
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of forming electron emission portions of the surface-conduction electron-emitting devices has an electrification forming 
step carried out by supplying electric power from electrical connecting means arranged to contact the wiring. 

Further, the foregoing object is attained by providing a method of manufacturing an electron source having a plu- 
rality of surface-conduction electron-emitting devices arranged on a substrate and connected by wiring, wherein a step 
of forming electron emission portions of the surface-conduction electron-emitting devices has an electrification forming 
step carried out by supplying electric power to each of the devices through the wiring, the electrification forming step 
having a step of performing control in such a manner that applied power or applied voltage to each of the devices is 
rendered constant for all devices. 

Further, the foregoing object is attained by providing an electron source having a plurality of surface-conduction 
electron-emitting devices arranged on a substrate, the electron source being manufactured by a method of manufacture 
according to any of the methods described above 

Further, the foregoing object is attained by providing an image forming apparatus having an electron source, which 
has a plurality of surface-conduction electron-emitting devices arranged on a substrate, and an image forming member 
for forming an image by irradiation with electron beams from the electron source, the electron source being manufac- 
tured by a method of manufacture according to any of the methods described above. 

Other features and advantages of the present invention will be apparent from the following description taken in con- 
junction with the accompanying drawings, in which like reference characters designate the same or similar parts 
thr ughout the figures thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic view illustrating a surface-conduction electron-emitting device according to the prior art; 
Fig. 2 is a diagram showing the basic construction of a vertical-type surface-conduction electron-emitting device 
according to the present invention; 

Figs. 3A ~ 3C are diagrams for describing problems that arise in forming according to an example of the prior art; 
Figs. 4A ~ 4C are diagrams for describing problems that arise in conventional forming according to another exam- 
ple of the prior art; 

Fig. 5 is a diagram illustrating an example of simple matrix wiring; 

Figs. 6A, 6B are schematic views illustrating a surface-conduction electron-emitting device according to the present 
invention; 

Figs. 7A ~ 7C are diagrams for describing the basic process for manufacturing a surface-conduction electron-emit- 
ting device according to the present invention; 

Fig. 8 is a waveform diagram illustrating an example of a forming voltage in a surface-conduction electron-emitting 
device according to the present invention; 

Fig. 9 is a block diagram illustrating the construction of an apparatus for measuring a surface-conduction electron- 
emitting device according to the present invention; 

Fig. 10 is a diagram illustrating an example of the characteristics of a surface-conduction electron-emitting device 
according to the present invention; 

Fig. 1 1 is a diagram showing an example of a circuit in which electron sources are arrayed in the form of a matrix 
according to the invention; 

Fig. 12 is an equivalent circuit diagram of a circuit in which electron sources are arrayed in the form of a matrix 
according to the invention;; 

Fig. 13 is an equivalent circuit diagram showing a state which prevails at the time of line forming; 

Fig. 14 is an equivalent circuit diagram at the time of forming an n-th device in line forming; 

Fig. 15 is a diagram showing distribution of applied voltage of each device at the time of line forming; 

Figs. 16A ~ 16Care diagrams for describing an equivalent circuit at the time of forming of devices connected in a 

ladder array, as well as the distribution of voltage applied to each device; 

Fig. 1 7A is diagram for describing a state in which forming is carried out by passing current from one side; 

Fig. 1 7B is diagram for describing a state in which forming is carried out by passing current from both sides; 

Fig. 18 is a diagram for describing forming in row and column directions according to the present invention; 

Figs. 19A ~ 19C are diagrams for describing forming according to the present invention; 

Fig. 20A is a diagram illustrating an example of ladder wiring which is divided; 

Fig. 20B is a diagram illustrating an example in which part of a simple matrix is divided; 

Fig. 21 is a schematic illustrating the construction of an image forming apparatus according to the present inven- 
tion; 

Fig. 22 is a circuit block diagram showing the circuit arrangement of an image forming apparatus according to the 
present invention; 

Fig. 23 is a diagram showing an example of forming pulses according to the present invention; 
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Fig. 24 is a schematic showing the basic construction of an image forming apparatus according to the present 
invention; 

Figs. 25A. 25B are diagrams showing patterns of f luorescer of an image forming apparatus according to the inven- 
tion; 

5 Fig. 26 is a plan view showing part of electron sources arrayed in the form of a matrix according to the invention; 
Fig. 27 is a sectional view taken along line A-A' of Fig. 26; 

Figs. 28A ~ 28H are diagrams for describing a process for manufacturing surface-conduction electron-emitting 
devices according to the invention; 

Fig. 29 is a partial plan view showing the mask of surface-conduction electron-emitting devices according to the 
10 invention; 

Fig. 30 is a diagram showing electrical connections when forming some of the surface-conduction electron-emitting 
devices arrayed in the form of a matrix; 

Fig. 31 is a circuit diagram showing the circuit arrangement of a forming apparatus according to the invention; 
Fig. 32 is a graph showing an example of characteristics of surface-conduction electron-emitting device according 
75 to the invention; 

Fig. 33 is a diagram for describing the forming of surface-conduction electron-emitting devices wired in a simple 
matrix according to the invention; 

Fig. 34 is a diagram showing a circuit arrangement for carrying out the forming of Fig. 33; 

Fig. 35 is a perspective view for describing the passing of current at the time of forming; 
20 Fig. 36 is a perspective view for describing another example of the supplying of current at the time of forming; 

Figs. 37A ~ 37C are diagrams for describing a process through which forming is carried out in this embodiment; 

Fig. 38 is an equivalent circuit for describing a process through which forming is carried out in this embodiment; 

Fig. 39 is a perspective view showing electrical connections for forming according to another embodiment; 

Fig. 40 is a block diagram showing the principal features of the apparatus shown in Fig. 39; 
25 Fig. 41 is a diagram showing the connection of an apparatus for forming according to another embodiment; 

Fig. 42 is a partial plan view of electron sources arrayed in a matrix according to another embodiment; 

Figs. 43A - 43D are diagrams for describing a process through which gaps are connected by high-impedance wir- 
ing; 

Fig. 44 is a diagram for describing forming treatment of simple matrix wiring; 
30 Fig. 45 is a partial plan view of electron sources arrayed in a matrix according to another embodiment; 

Fig. 46 is a diagram showing electron sources arrayed in the form of a simple matrix; 

Fig. 47 is a plan view showing part of a multiple electron source according to another embodiment; 

Figs. 48A, 48B are a sectional view of a gap and a diagram showing the connection thereof, respectively; 

Figs. 49A, 49B are tiagram for describing forming using probes; 
35 Fig. 50 is a diagram showing luminance irregularity according to a Forming Method 1 and a Forming Method 2; 

Figs. 51 A, 51 B are diagrams for describing a method of sensing addresses of electron sources based upon poten- 
tial on wiring; 

Fig. 52 is a diagram illustrating an example of a forming waveform according to this embodiment; 
Fig. 53 is a block diagram showing the construction of an image forming apparatus according to the invention; 
40 Figs. 54A, 54B are diagrams illustrating examples of forming waveforms; 

Fig. 55 is a diagram for describing a forming method according to the present invention; and 

Fig. 56A ~ 56D are diagrams for describing a process for forming surface-conduction electron-emitting devices in 

a ladder array according to the present invention. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides an electron source having a plurality of electron-emitting devices arrayed on a sub- 
strate, and image forming apparatus and a method of manufacture. Specifically, in a forming process for forming elec- 
tron emission portions of a plurality of electron-emitting devices, all of the electron-emitting devices on the substrate are 
so not formed simultaneously. Rather, devices are divided into a plurality of devices and forming is carried out in succes- 
sive fashion or use is made of electrical connecting means other than wiring, thereby reducing the size of the current 
that flows through the wiring and solving the aforementioned problems. The means for accomplishing this as follows: 

A An external feeding mechanism is provided in such a manner that voltage is applied only to a group of devices 
55 of a desired portion, with no voltage being applied to devices in other groups. 

B. A mechanism is provided in which, when the group of devices of the desired portion is formed, each device is 
electrically formed at substantially the same voltage or the same power. 

With regard to A mentioned above, the specific means and method are as follows: 
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A-1. In a configuration equipped with electron-emitting devices connected horizontally and vertically in rows and 
columns by simple matrix wiring, forming is carried out by applying a potential V1 to the wiring of at least one row, 
a potential V2 different from V1 to the wiring of the other rows and the potential V2 to the wiring of all columns. This 
operation is performed repeatedly. 
5 Further, let N x . N y represent the numbers of devices arrayed in the row and column directions, respectively, and 

let r x , r y represent the wiring resistances per one device in the row and column directions, respectively. The forming 
method is such that rows or columns are selected in such a manner that forming is carried out in the x direction if 
the following holds: 

10 (N x xN x -axN y )xr x g (NyXN y -axN y )xr y 

and in the y direction if the following holds: 

(N x xN x -axN y )xr x > (NyXNy-axNyJxry 

15 

where a = 8: a case in which a power supply potion is disposed on one end, namely the x end or y end ; and 

a = 24: a case in which a power supply portion is on both ends, namely the x end or y end. 
A-2. In a configuration equipped with electron-emitting devices connected horizontally and vertically in rows and 
columns by simple matrix wiring, forming is carried out by applying a potential V1 to the wiring of at least one row 
20 but less than all rows, a potential V2 different from V1 to the wiring of the other rows, the potential V1 to the wiring 
of at least one column but less than all columns, and the potential V2 to the wiring of the other columns. This oper- 
ation is performed repeatedly. 

With regard to B mentioned above, the specific means and method are as follows: 

25 

B-1 . Rather than feeding voltage from the terminals of the common wiring at the time of forming, the forming volt- 
age is applied via separately provided electrical connecting means. 

The electrical connecting means is for interconnecting a plurality of locations of common wiring of the devices 
and a forming power supply through a low impedance. The structure of the electrical connecting means is such that 
30 the connection can be readily released upon the completion of forming. Furthermore, the electrical connecting 
means is composed of a material which exhibits excellent thermal conductivity, and has a mechanism for control- 
ling a temperature rise and cooling by means of a temperature controller. 

B-2. At least one of the wiring in the row direction and the wiring in the column direction commonly connecting the 
electron-emitting devices is either provided with high-impedance portions or divided at predetermined intervals. 
35 The forming voltage is applied to this portion and the forming process is carried out, after the completion of the 
high-impedance portion or divided portion is short-circuited. 

B-3. When electron-emitting devices arrayed in one dimension or in two dimensions are electrically formed, a volt- 
age applied to power supply terminals is applied by being controlled in such a manner that the position of a formed 
device is specified or while sensing the position of an device already electrically formed. 

40 

It should be noted that the above-described means A1, A2, B1, B2, B3 of the present invention are effective when 
implemented singly or in combination. (These means of the present invention shall be referred to as means A1 , A2, B1 , 
B2 and B3 hereinafter.) 

A preferred embodiment of the present invention will now be described. 
45 The means for solving the aforementioned problems are applicable to an electron source and image forming appa- 
ratus having an array of the conventional electron-emitting devices, MIM-type electron-emitting devices or surface-con- 
duction electron-emitting devices. However, these means are particularly effective when applied to surface-conduction 
electron-emitting devices, described below, devised by the present inventors. 

The basic construction of a surface-conduction electron-emitting device according to the present invention essen- 
so tially is of two types, namely plane type and step type. The plane-type surface-conduction electron-emitting device will 
be described first 

Figs. 6A, 6B are schematic plan and sectional views, respectively, illustrating the basic construction of a surface- 
conduction electron-emitting device according to the present invention. The basic construction of an device according 
to the invention will be descrtoed with reference to Fig. 6. 
55 Shown in Rgs. 6A, 6B are a substrate 61 , device electrodes 65, 66, and a thin film 64 including an electron emis- 
sion portion 63. 

Examples of the substrate 61 are quartz glass, glass having a reduced impurity content such as of Na, sodalime 
glass, a glass substrate obtained by depositing a layer of SiOg, which is formed by a sputtering process or the like, on 
sodalime glass, or a ceramic such as alumina. 
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Any material may be used for the opposing device electrodes 65, 66 so long as it is electrically conductive. Exam- 
ples that can be mentioned are the metals Ni, Cr, Au, Ma W, Pt Tl, Al, Cu and Pd or alloys of these metals, printed 
conductors formed from the metals Pd, Ag, Au, RuOg, Pd-Ag or from metal oxides and glass, transparent conductors 
such as Ir^QrSnC^ and semiconductor materials such as polysilicon. 

5 Spacing L1 between the device electrodes is on the order of several hundred angstroms to several hundred 
micrometers. This is decided by the basic photolithographic technique of the electrode manufacturing process, namely 
the capability of the exposure equipment and the etching process, as well as by voltage applied across the device elec- 
trodes and the electric field strength capable of producing the electron emission. Preferably, L1 is on the order of several 
micrometers to several tens of micrometers. 

w Length W1 and film thickness d of the device electrodes 65, 66 are selected upon taking into consideration the 
resistance values of the electrodes and problems encountered in placing a number of arrayed electron sources. Ordi- 
narily, the length W1 of the device electrodes is on the order of several micrometers to several hundred micrometers, 
and the thickness d of the device electrodes 65, 66 is on the order of several hundred Angstroms to several microme- 
ters. 

75 The thin film 64 of the device that includes the electron emission portion 63 is partly laid on the device electrodes 
65, 66 as seen in Fig. 6B. Another possible alternative arrangement of the components of the device will be such that 
the area of the thin f 9m 64 for preparing an electron-emitting region 63 is firstly laid on the substrate 61 and then the 
device electrodes 65 and 66 are oppositely arranged on the thin film. Still alternatively, it may be so arranged that all the 
areas of the thin f Dm 64 found between the oppositely arranged device electrodes 65 and 66 operates as an electron- 
ic emitting region 63. The film thickness of the thin film 64 that includes this electron emission portion preferably is on the 
order of several angstroms to several thousand angstroms, with a range of 10 angstroms to 500 angstroms being par- 
ticularly preferred. This is selected appropriated depending upon the step coverage to the device electrodes 65, 66, the 
resistance values between the electron emission portion 63 and the device electrodes 65, 66, the particle diameter of 
the electrically conductive particles constituting the electron emission portion 63 and the electrification process condi- 
25 tions. The resistance value of the thin film indicates a sheet resistance value of from 1 0 3 to 1 0 7 Of . 

Specific examples of the material constituting the thin film 64 that includes the electron emission portion are the 
metals Pd. Pt Ru. Ag, Au, Tl, In, Cu, Cr, Fe, Zn, Sn, Ta, W and Pb, etc., the oxides PdO, SnC^, ln 2 0 3 , PbO and Sb^, 
etc., the borides HfBg, ZrBa, LaBe, CoB* YB 4 and GdB 4 , the carbides TIC, ZrC, HfC, TaC, SiC and WC, etc., the nitrides 
UN, ZrN and HfN, etc., the semiconductors Si, Ge, etc., and fine particles of carbon. 
30 The term "a fine particle film" as used herein refers to a thin film constituted of a large number of fine particles that 
may be loosely dispersed, tightly arranged or mutually and randomly overlapping (to form an island structure under cer- 
tain concfitions). 

The electron-emitting region 63 is constituted of a large number of the fine conductor particles with a mean particle 
size of preferably between several angstroms and hundreds of several angstroms and most preferably between 10 and 
35 200 angstroms. 

The electron emission portion 63 comprises a number of electrically conductive fine particles having a particle 
diameter on the order of several angstroms to several hundred angstroms, with a range of 10 ~ 500 angstroms being 
particularly preferred. This depends upon the film thickness of the thin film 64 that includes the electron emission por- 
tion and the manufacturing process, such as the conditions of the electrification process. The material constituting the 

40 electron emission portion 63 is a substance that is partially or completely identical with the devices of the material con- 
stituting the thin film 64 that includes the electron emission portion. 

Various processes for manufacturing the electron-emitting device having the electron emission portion 63 are con- 
ceivable. One example is shown in Fig. 7, in which numeral 62 denotes a thin film for forming the electron emission por- 
tion. An example of the thin film is a film of fine particles. 

45 The manufacturing processing will be described with reference to Figs. 6 and 7. 

1) The substrate 61 is cleaned sufficiently using a detergent pure water or an organic solvent, after which an device 
electrode material is deposited by vacuum deposition, sputtering or the like. The device electrodes 65, 66 are 
formed on the surface of the insulative substrate 61 by photolithography [Fig. 7A]. 

so 2) The part of the substrate between the device electrodes 65 and 66 formed thereon is coated with an organic 
metal solution, which is then left standing. The result is formation of an organic thin metal f 3m. The organic metal 
solution is a solution of an organic compound whose principal device is a metal such as the aforesaid Pd, Ru. Ag, 
Au, Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, W or Pb. Thereafter, the organic thin metal film is subjected to a heating and bak- 
ing treatment and patterning is carried out by lift-off or etching to form the thin film 2 for the electron emission por- 

55 tion [Fig. 7B]. Though formation of the thin film is described as being performed by application of an organic metal 
film, the invention is not limited to this technique. Formation may be carried out by vacuum deposition, sputtering, 
chemical vapor deposition, a dispersive coating process, a dipping process, a spinner process, etc. 
3) Next, an electrification process referred to as "forming" is carried out. Specifically, a voltage is impressed across 
the device electrodes 65, 66 in pulsed form by means of a power supply (not shown). Alternatively, an electrification 
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process based upon elevating voltage is executed. As a result of electrification, the electron emission portion 63, 
the structure of which has undergone a change, is formed on the location of the thin fflm 62 for forming the electron 
emission portion [Fig. 7CJ. Owing to the electrification process, the thin f8m 62 for forming the electron emission 
portion is locally destroyed, deformed or changed in property. The resulting region of changed structure is referred 
5 to as the electron emission portion 63. As described earlier, the applicants have observed that the electron emis- 
sion portion 63 is composed of fine conductive particles. Fig. 8 illustrates the voltage waveform in a case where 
pulses in the forming treatment are applied. 

In Fig. 8, T1 and T2 represent the pulse width and pulse interval, respectively, of the voltage waveform. The pulse 
10 width T1 is on the order of 1 usee to 1 0 msec, the pulse interval T2 is on the order to 1 0 usee to 1 00 msec, and the crest 
value of the triangular wave (the peak voltage at the time of forming) is selected appropriately. The forming treatment is 
applied over a period of from several tens of seconds to several minutes under a vacuum of about 10" 5 Torn 

In the formation of the electron emission portion described above, the forming treatment is performed by applying 
the triangular pulsed voltage across the device electrodes. However, the waveform impressed across the electrodes is 
75 not limited to a triangular waveform. Any desired waveform such as a square wave may be used, and the crest value, 
pulse width and pulse interval thereof also are not limited to the values mentioned above. Desired values may be 
selected in accordance with the resistance value, etc., of the electron-emitting device so as to form a favorable electron 
emission portion. 

The electric process following forming is carried out within a measuring apparatus shown in Fig. 9. This apparatus 
20 will now be described. 

Fig. 9 is a schematic block diagram of a measuring apparatus for measuring the electron emission characteristic of 
the device having the constitution illustrated in Figs. 6A and 6B. Shown in Fig. 9 are the substrate 61 , the device elec- 
trodes 65 and 66, and the thin film 64 for forming the electron emission portion 63. Further, numeral 91 denotes a power 
supply for applying an device voltage Vf to the device, 90 an ammeter for measuring an device current l f that flows 

25 through the thin film 64 inclusive of the electron emission portion between the device electrodes 65 and 66, 94 an anode 
electrode for capturing an emission current le emitted by the electron emission portion of the device, 93 a high-voltage 
power supply for applying a voltage to the anode electrode 94, and 92 an ammeter for measuring the emission current 
le emitted by the electron emission portion 63 of the device. 

To measure the device current If and emission current le of the electron-emitting device, the power supply 91 and 

30 ammeter 90 are connected to the device electrodes 65, 66, and the anode electrode 94 to which the power supply 93 
and ammeter 92 are connected is placed above the electron-emitting device. The electron-emitting device and anode 
electrode 94 are placed inside a vacuum apparatus, which is equipped with equipment (not shown) such as an exhaust 
pump and vacuum gauge and other pieces necessary for vacuum operating chamber. The device is measured and 
evaluated in the desired vacuum. 

35 Measurement is performed at an anode-electrode voltage of 1 ~ 10 kV and with a distance H between the anode 
electrode and electron-emitting device of 2 - 8 mm. 

Fig. 1 0 illustrates a typical example of the relationship among the emission current le, device current If and device 
voltage Vf measured by the measuring apparatus of Fig. 9. Fig. 10 is illustrated using arbitrary units since the emission 
current le is very small in comparison with the device current If. It should be evident from Fig. 1 0 that this electron-emrt- 

40 ting device has three features with respect to emission current le. 

First, when an device voltage greater than a certain voltage (referred to as a threshold voltage, indicated by Vth in 
Fig. 7) is applied to the device, the emission current le suddenly increases. When the applied voltage is less than the 
threshold voltage Vth, on the other hand, almost no emission current le is detected. In other words, the device is a non- 
linear device having the dearly defined threshold voltage Vth with respect to the emission current le. 

45 Second, since the emission current le is dependent upon the device voltage Vf, it is capable of being controlled by 
the device voltage Vf. 

Third, the emitted electric charge captured by the anode electrode 94 is dependent upon the time over which the 
device voltage Vf is applied. That is, the amount of electric charge captured by the anode electrode 94 is capable of 
being controlled based upon the time over which the device voltage Vf is applied. 

so Since the characteristics of the surface-conduction electron-emitting device set forth above are such that the device 
current If and emission current le monotonously increase with respect to the applied device voltage, the electron-emit- 
ting device according to the present invention can be applied in a wide variety of ways. 

An example of the characteristic in which the device current If increases monotonously with respect to the device 
voltage Vf (this is referred to as an Ml characteristic) is indicated by the solid line If in Fig. 10. However, there are also 

55 cases in which the device current If exhibits a voltage-controlled negative resistance characteristic (referred to as a 
VCNR characteristic) with respect to the device voltage Vf (see the dashed line in Fig. 10). These characteristics of the 
device current are believed to be dependent upon the manufacturing method and the measurement conditions when 
measurement is performed. In this case also the electron-emitting device has the three features, in terms of its charac- 
teristics, set forth above. 
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Furthermore, in a surface-conduction electron-emitting device, part of the basic manufacturing process for the 
basic devic construct!' n of the invention may b changed. 

Next, the step-type surface-conduction electron-emitting device, which is the other type of surface-conduction elec- 
tron-emitting device according to the present invention, will be described. Fig. 2 is a schematic view illustrating the con- 
5 struction of a basic step-type surface-conduction electron-emitting device according to the present invention. 

Shown in Fig. 2 are a substrate 61 , device electrodes 65 and 66, a thin fflm 64 that includes an electron emission 
portion 63, and a step forming portion 21. 

The substrate 61 , the device electrodes 65 and 66, the thin film 64 that includes the electron emission portion and 
the electron emission portion 63 consist of materials similar to those use in the plane-type surface-conduction electron- 
ic emitting device described above. The step forming portion 21 and the thin film 64 including the electron emission por- 
tion, which characterize the step-type surface-conduction electron-emitting device, will now be described in detail. 

The step forming portion 21 consists of an insulative material such as SiOg formed by vacuum deposition, printing, 
sputtering, etc. The thickness of the step forming portion 21 which corresponds to the electrode spacing L1 of the 
plane-type surface-conduction electron-emitting device descrfoed earlier, is on the order of several hundred angstroms 
15 to several tens of micrometers. The thickness is set depending upon the manufacturing method of the step forming por- 
tion, the voltage applied across the device electrodes and the electric field strength capable of producing the electron 
emission. Preferably, the thickness is on the order of several thousand angstroms to several micrometers. 

Since the thin film 64 that includes the electron emission portion is formed after the device electrodes 65, 66 and 
step forming portion 21 are fabricated, it is formed on the device electrodes 65, 66. In some cases the thin film 64 is 
20 given a predetermined shape devoid of an overlapping portion that carries the electrical connections of the device elec- 
trodes 65, 66. Further, the film thickness of the thin film 64 that includes the electron emission portion depends upon 
the manufacturing process thereof. There are many cases in which film thickness at the step portion and film thickness 
of the portions formed on the device electrodes 65, 66 cfiffer. The film thickness at the step portion generally is less. It 
should be noted that though the electron emission portion 63 is shown as being linear on the step forming portion 21 in 
25 Fig. 2, this does not place a limitation upon its shape and position. The shape and position are dependent upon the fab- 
rication conditions, the forming conditions, etc. 

Though the basic construction and manufacturing process of the surface-conduction electron-emitting device has 
been described, the scope of the invention is such that the invention is not limited to the foregoing construction so long 
as it possesses the three features described above in connection with the characteristics of the surface-conduction 
30 electron-emitting device. The surface-conduction electron-emitting device is applicable also to an electron source and 
an image forming apparatus such as a display apparatus described later. 

The electron source and an image forming apparatus according to the present invention will now be described. 
An electron source or an image forming apparatus can be constructed by arraying a plurality of the electron-emit- 
ting devices of the invention on a substrata 
35 One example of a method of arraying the electron-emitting devices on the substrate is the ladder array. Here, as in 
the prior art, a number of surface-conduction electron-emitting devices are arrayed in parallel and both ends of the indi- 
vidual devices are connected by wiring to form a row of the electron-emitting devices. A number of these rows are 
arrayed along the row direction. Control electrodes (referred to as a grid) are arranged in the space above the electron 
source in a direction (referred to as the column direction) perpendicular to the wiring of the rows. This arrangement is 
40 called a ladder arrangement and in this arrangement the electrons are controlled by the control electrodes. Another 
example is referred to as a simple matrix arrangement Here n-number of Y-direction wires are placed upon m-number 
of X-direction wires via an interlayer insulating layer, and the X- and Ydirection wires are connected to respective ones 
of the pair of device electrodes of each surface-conduction electron-emitting device. The simple matrix arrangement will 
now be described in detail. 

45 A surface-conduction electron-emitting device according to the present invention has three basic features in terms 
of its characteristics. 

First, when an device voltage greater than a certain voltage (referred to as a threshold voltage, indicated by Vth in 
Fig. 10) is applied to the device, the emission current le suddenly increases. When the applied voltage is less than the 
threshold voltage Vth, on the other hand, almost no emission current le is detected. In other words, the device is a non- 
50 linear device having the clearly defined threshold voltage Vth with respect to the emission current la 

Second, since the emission current le is dependent upon the device voltage Vf, it is capable of being controlled by 
the device voltage Vf. 

Third, the emitted electric charge captured by the anode electrode 94 is dependent upon the time over which the 
device voltage Vf is applied. That is, the amount of electric charge captured by the anode electrode 94 is capable of 
55 being controlled based upon the time over which the device voltage Vf is applied. 

In accordance with the foregoing, the electrons emitted by the surface-conduction electron-emitting devices, even 
when they have the form of the simpl matrix array, are controlled by the peak value and width of a pulsed voltage 
applied across the opposing device electrodes at a voltage above the threshold value. Almost no electrons are emitted 
at an applied voltage below the threshold value. In accordance with this characteristic, surface-conduction electron- 



11 



EP0729168A2 

emitting devices can be selected in accordance to an input signal if a pulse voltage is suitably applied to the individual 
devices even in a case where a number of the devices are placed in an array. This makes it possible to control the 
amount of electron emission. 

The construction of an electron-source substrate produced on the basis of this principle will now be described with 
5 reference to Fig. 1 1 . in which there are shown an insuiative substrate 111, X-direction wiring 112. Ydirection wiring 113, 
surface-conduction electron-emitting devices 114 and connections 1 15. ft should be noted that the surface-conduction 
electron-emitting devices 114 may be of the plane or step type. 

In Fig. 11 , the insuiative substrate 1 1 1 is the above-mentioned glass substrate or the like, the size and thickness of 
which are suitably set depending upon the number of surface-conduction electron-emitting devices placed on the sub- 
to strate 1 1 1 , the shape of the individual devices in terms of design and, if the substrate 1 1 1 is a part of a vessel which is 
constructed for the purpose of using the devices as an electron source, the conditions for maintaining the interior of the 
vessel in an evacuated state. The X-direction wires 1 12 comprise m-number of wires D X i, Dx2. * * * Dxm- These con- 
sist of an electrically conductive metal in desired patterns formed on the insuiative substrate 1 1 1 by vacuum deposition, 
printing or sputtering, etc. The material, film thickness and wiring width are set in such a manner that a substantially 
75 uniform voltage will be supplied to a number of the surface-conduction electron-emitting devices. The Ydirection wires 
113 comprise n-number of wires Dy 1p Dy2. * * * Dyn- Like X-direction wiring 112, these consist of an electrically 
conductive metal in desired patterns formed on the insuiative substrate 1 1 1 by vacuum deposition, printing or sputter- 
ing, etc. The material, film thickness and wiring width are set in such a manner that a substantially uniform voltage will 
be supplied to a number of the surface-conduction electron-emitting devices. An interlayer insulating layer (not shown) 
20 is placed between the m-number X-direction wires 112 and n-number of Ydirection wires 113 to electrically isolate 
them and construct matrix wiring (it should be noted that m, n are positive integers). 

The interlayer insulating layer (not shown) is a material such as Si02 formed by vacuum deposition, printing or 
sputtering or the like. The layer is formed in a desired shape on the entire surface, or on a part thereof, of the insuiative 
substrate 1 1 1 on which the X-direction wiring 1 1 2 has been formed. The film thickness, material and method of manu- 
25 facture are suitably selected so that the insulating layer will be capable of withstanding the potential difference at the 
points of intersection between the X-direction wiring 112 and Ydirection wiring 113. The wires constituting the X-direc- 
tion wiring 112 and Ydirection wiring 113 are led out as external terminals. 

Further, as set forth earlier, the opposing electrodes (not shown) of the surface-conduction electron-emitting 
devices 1 14 are electrically connected by the m-number of X-direction wires 1 1 2 and n-number of Ydirection wires 1 13 
30 and by the wires 1 1 5 comprising an electrically conductive metal or the like farmed by vacuum deposition, printing or 
sputtering, etc. 

The electrically conductive metal of the m-number of X-direction wires 112, the n-number of Ydirection wires 113, 
the wires 1 15 and the opposing device electrodes may consist of the same devices in whole or in part, or the metals 
may differ. The electrically conductive metal is suitably selected from the metals Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu and Pd 
35 or alloys of these metals, printed conductors consisting of the metals Pd, Ag, Au, RUO2, Pd-Ag or metal oxides and 
glass, transparent conductors such as Ir^CVSnC^ and semiconductor materials such as potysilicon. Further, the sur- 
face-conduction electron-emitting devices may be formed on the insuiative substrate 1 1 1 or on the interlayer insulating 
layer, not shown. 

More specifically, scanning-signal generating means (not shewn) is electrically connected to the X-direction wiring 
40 112, as will be described later. The scanning-signal generating means applies a scanning signal for scanning, in 
dependence upon the input signal, the raws of the surface-conduction electron-emitting devices arrayed in the X-direc- 
tion. On the other hand, modulating-signal generating means (not shown) is electrically connected to the Ydirection wir- 
ing 1 13, as will be described later. The modulating-signal generating means applies a modulating signal for modulating, 
in dependence upon the input signal, each column of the columns of the surface-conduction electron-emitting devices 
45 arrayed in the Ydirection. Furthermore, the driving voltage applied to each device of the surface-conduction electron- 
emitting devices is supplied as a difference voltage between the scanning signal and modulating signal applied to the 
devices. 

In the arrangement described above, individual devices can be selected and driven independently merely by simple 
matrix wiring. 

50 Current is fed to the device through the above-described wiring when the aforementioned surface-conduction elec- 
tron-emitting devices are formed by the forming process. However, owing to the problems mentioned earlier, the voltage 
applied at the time of the forming process causes a distribution in the amount of electron emission of each device owing 
to a distribution in the potential drop resulting from the wiring and heat damage in the wiring. When the surface-conduc- 
tion electron-emitting devices are used as an electron source, it is difficult to obtain a uniform quantity of electrons with 

55 a simple driver. In a case where the surface-conduction electron-emitting devices are used as an image forming appa- 
ratus, a shortcoming is that a distribution in luminance occurs. 

This problem is solved by using the above-descrfoed process for forming the plurality of electron-emitting devices 
according to the present invention. Preferred means will be described below for each and every means. 
Means A-1 will be described first 
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In the electron source having the simple matrix arrangement of Fig. 1 1 , a potential V2 is applied to all wiring termi- 
nals Dxi to Dxm in the X direction, a potential V1 different from V2 is applied to at least one arbitrarily selected wiring 
terminal 0 Yi in the Y direction, and the potential V2 is applied to all of the remaining Ydirection wiring terminals. In 
accordance with the present invention, forming is carried out by applying a voltage of V1 -V2 [V] solely to the surface- 
5 conduction electron-emitting devices connected to the arbitrarily selected Ydirection wiring, and applying a voltage of 
V1 - V2 = 0 [V] to the other unselected surface-conduction electron-emitting devices. Forming is concluded by repeating 
this process successively. (This process shall be referred to as line forming".) 

More specifically, the unselected surface-conduction electron-emitting devices do not attain a floating state (a state 
of unstable potential) and the voltage applied to the devices (while forming is in progress) is not diverted by the matrix 
10 wiring. As a consequence, the surface-conduction electron-emitting devices not undergoing the forming treatment are 
not damaged or destroyed by static electricity and the electron emission portions can be prevented from deteriorating 
owing to the influence of the voltage being applied to the devices undergoing forming. This makes it possible to obtain 
uniform characteristics for each device. 

The aforementioned potentials V1 and V2 are not necessarily limited to a fixed potential (DC) that does not f luctu- 
is ate with time. These potentials can be pulsed waveforms such as triangular or square waves. Further, both of the poten- 
tials V1, V2 may be DC waveforms or pulsed waveforms or only one may be a pulsed waveform. At this time the 
difference voltage V1-V2 [V] applied to surface-conduction electron-emitting devices that are to be subjected to the 
forming treatment can be supplied as a voltage waveform sufficient to form the electron emission portions by the form- 
ing treatment. In the case of a pulsed waveform, the difference voltage V1-V2 [V] is a peak voltage. Further, a column 
20 arbitrarily selected in order to carry out the forming treatment may be one column or a plurality of columns simultane- 
ously. In a case where a plurality of columns are selected, the temperature distrfoution within the substrate, which is 
caused by the evolution of heat at forming, is taken into consideration. Accordingly, it is preferred that the columns be 
selected in, say, a zigzag manner to unrformalize the temperature distribution. In a case where a plurality of columns 
are subjected to forming simultaneously, the time required for forming is shortened but this requires that the voltage 
25 supply have a large current capacity. Accordingly, in working the present invention, it is preferred that forming be carried 
out by selecting the number of columns giving the best economical effects upon taking into consideration the time 
required for forming and the current capacity of the voltage supply. 

Furthermore, which of the X- and Y-direction wiring is selected to perform line forming should be decided in the 
manner described below. 

30 Fig. 1 2 illustrates an equivalent circuit of a simple-matrix display apparatus using surface-conduction electron-emit- 
ting devices. Here R represents device resistance and r x , r y represent wiring resistance, in the horizontal and vertical 
directions, per pixel. Further, let N x represent the number of devices in the horizontal direction and N y the number of 
devices in the vertical direction. When this display apparatus is subjected to the forming treatment, electric forming usu- 
ally is carried out one column at a time or one row at a time. This so-called line forming" means carrying out forming 

35 by supplying electric power to a number of devices from a predetermined power supply portion (one or a plurality of 
locations); it does not necessarily mean forming a number of devices simultaneously. Fig. 13 is an equivalent circuit 
schematically illustrating line forming. Here the impedance of the wiring, etc., outside the apparatus is negligible in com- 
parison with r x , r y R. Fig. 13 shows an example in which forming is carried out collectively in the horizontal direction 
(the k-th line from ground). If the device resistance R and wiring resistances r x , r y do not exhibit variance, the potential 

40 division at the devices is such that the device nearest the power supply portion always is the highest, as evident from 
Fig. 1 3. In addition, the resistance of a formed device is more than two or three digits greater that the resistance R prior 
to the forming treatment Accordingly, when line forming is carried out, devices are electrically formed (=cut off) succes- 
sively from the power supply portion side. Fig. 1 4 is an equivalent circuit for when devices are electrically formed up to 
the (n-1 )th device and the n-th device is subjected to forming. More specifically, in this state also, the n-th device nearest 

45 the power supply portion is electrically formed and the equivalent circuit at the next point in time becomes a ladder- 
shaped configuration having one less device than in the circuit of Fig. 14. If a constant voltage v 0 is applied to the power 
supply portion in a state in which devices up to the (n-1)th device are electrically formed, the voltage impressed upon 
the n-th device will be given by the following equation: 

so v(k,n) = [1-kxry/R-n x (Nx-n+1)xr x /RJv 0 (1) 

This equation can readily be evaluated as a series of IM-n stages of an ordinary four-terminal matrix Here r x , r y are 
made sufficiently small in comparison with R. If this is expressed in terms of power, then the power applied to the n-th 
device will be given by the following equation: 

55 

p(M) = [1-2xkxry/R-2xnx (Nx-n+1)xr x /R]xv 0 xvQ/R (2) 
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In other words, it may be appreciated that v, p are functions of k, n and vary as a second degree function of the 
device address n in the line-forming direction and as a first degree function of the device address k in the other direction. 
Fig. 15 is a schematic view of voltage or power distribution within this exampla 

The line-forming method described above leads to the following problem: As will be understood from Fig. 15, even 

5 if a constant voltage is applied to the power supply portion, a difference develops, depending upon the device address, 
in the voltage and power applied when the device is electrically formed. This phenomenon has a great influence when 
the number of devices is large and when the wiring resistance becomes large in comparison with the device resistance. 
The difference between maximum and minimum, in the n direction, of power applied immediately before each device is 
electrically formed is given by Equation (3) below. Specifically, maximum power is developed at the power supply end 

w (n=1 ) and minimum power is developed at the central portion ( n=Nx/2 ). If pO = v 0 xv q/R , we have 

p(K1)-p(KN x ^)«N x xN x /2x(r x AR)xpO (3) 

wherein N x »1. 

is Further, the difference between maximum and minimum in the k direction is given by the following equation since 
the maximum is developed at the power supply portion end (k=1) and the minimum is developed at the ground end 
(k=N y ). 

p(1.r)-p(N y n) - 2xNyX(r/R) (4) 

20 

wherein N y »1 . 

When the number of elements (devices) in the line-forming direction increases, a difference in the forming condi- 
tions between elements (devices) suddenly develops, as indicated by the two equations given above. Accordingly, 
adverse effects that cannot be ignored arise when a panel is made for an image forming apparatus. The example of Fig. 

25 15 is for a case in which the power supply portion is at one end of the row (or column). In a case where power supply 
portions are at both ends, the power applied immediately before each device is electrically formed becomes large, 
owing to the symmetry of the system, at both ends and at the central portion of the line (or column) subjected to line 
forming, and becomes small in the vicinity of a length of one-quarter of the line from both ends. Thus, a variance occurs 
depending upon the device address. 

30 In the end, therefore, in a case where a simple matrix is subjected to line forming, the power applied to the n-th 
device is as given by the following equation when a constant voltage v 0 is applied to the power supply portion: 

In order to generalize a method of power supplying in the embodiment, NT is introduced. The relation N*=N holds 
in case of power supplying on one side, and the relation N'=N/2 holds in case of power supplying on both sides 

35 p(k,n) = [1 -2xkxr y/R-axnxfN'rRlJxr x /R]pO (5) 

;p0 = v O xv 0 /R 

Difference between maximum and minimum power in n direction: 

40 

Ap = N'x N72x(r ^RJxpO (6) 

Difference between maximum and minimum power in k direction: 

45 Ap = 2xNyX(ry/R)xpO (7) 

wherein the relation n> is corresponding to n^ in case of power supplying on both sides. 
Furthermore, the same problem occurs also in a case where the surface-conduction electron-emitting devices are 
arrayed in the shape of a one-dimensional ladder rather than a simple matrix. Figs. 16 A, B, and C illustrate examples 
so of equivalent circuits and examples of the difference, due to the device address, in applied power immediately before 
each device is electrically formed in a case where a constant voltage is applied to the power supply portion. 
Let N represent the number of devices, r the wiring resistance per device and R the device resistance. 

Fig. 1 6A is an example in which the power supply portion is placed at one location at one end of the ladder line and the 
55 grounded portion is placed at one location at the other end. When a voltage v 0 is applied to the power supply portion, 
devices are electrically formed up to the (n-1 )th device and the power applied when the n-th device is electrically formed 
is a function of n, as follows: 
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p(n) » [l4<nxn+n-NxN^3xN-2)x(r/R)]xpO (8) 
pO = v 0 xv 0 /R 

The difference between maximum and minimum becomes 

5 

Ap * p(N)i>1(1) = (N+2)x(N-1)xpO (9) 

Fig. 16B is an example in which the power supply portion and the grounded portion are placed at one end on the 
same side of the ladder lina 

io Fig. 16C is an example in which the power supply portions and the grounded portions are each placed at one 
respective position on both sides of the ladder line. As in the case of Fig. 16 A, we obtain p(n), Ap as follows: 

p(n) = [1-4xnx(N , n+1)x(r/R)]xpOpO « VqXVq/R (10) 

75 Ap = p(1)-p(N72) = N'xN'x(r/R)xpO (1 1) 

The relation N'=N holds in case of Fig. 16B, and the relation N'=W2 holds in case of Fig. 16C (n is considered to 
be symmetrical in relation to N/2). 

As will be understood from Fig. 1 6A - 16C. even H a constant voltage is applied to the power supply portion, even 
20 in the case of a one-dimensional array, power applied immediately before each device is electrically formed will develop 
a variance owing to the device address. 

Accordingly, when an apparatus having surface-conduction electron-emitting devices in a two-dimensional array is 
subjected to electrification forming one line at a time, good results will be obtained if forming can be carried out by 
selecting the direction (row or column direction) that will reduce the variance in power applied to each device. 
25 More specifically, this is a forming method for multiple electron sources characterized in that forming is carried out 
in the x cfirection if the following holds: 

(NyXN x -axN x )xr =s (NyXN y -axN y )xr y (12) 

30 and forming is carried out in the y direction if the following holds: 

(N x xN x -axN x )xr>(N y xN y HaxN y )xr y (13) 

where x and y are the two-dimensional directions, N x , N y represent the numbers of pixels in the respective directions 
35 and r x , r y represent the wiring resistances per device in the respective directions. 

Here a = 8 holds in a case where a power supply portion is at one end of x or y, and a = 24 holds in a case where 
power supply portions are at both ends of x or y. It should be noted that the direction is decided by the power applied 
when each device is electrically formed. 

The equations representing the foregoing conditions will now be described in simple terms. 
40 Since forming by electrification is considered to a thermal phenomenon, the power applied to each device repre- 
sents a problem. Accordingly, the equation set forth above may be considered as follows 

p(Kn) = I1-2xkxrYR-2xnx(N-nVl)xr/R]xp0 (14) 
pO = v 0 xv 0 /R 

45 

In this case, if the forming is performed in X direction, then r=r x , r^r y and N=N X . ff the forming is performed in Y 
direction, then r=r y , r*=r x and N=N y . Then, if the power supply portion is on only one end of x or y, as illustrated in 
Fig. 17 A, the following can be written using the above-defined device numbers Nx, Ny in the x and y directions, device 
so address (x,y) = (n,k) , device resistance R and wiring resistances r x , r y : 

(1) In case of line forming in x direction 

p(k,n) = [1-2xnx(N x -n+1)x(r x /R]-2xkx(ry/R)]xpO (15) 
55 pO = v 0 xv 0 /R 



Here p becomes maximum when n=k=1 holds and minimum when n=Nx/2 , k=Ny hold. 



15 



EP0729 168 A2 

Maximum value of the power of electric forming all of devices on a substrate: 

p(1.1)4)0 = 1-2xN x x(r x /R)-2x(ry/R) 

5 Minimum value of the power: 

p(N x /2.N y )/pO ~ 1-N x xN x /2x(r x /R)-2xN y (ry/R) 

Variance of the power: 

10 

Px = [pO.IJ-ptN^.NyJJpO - (U x xU x fZ'2xN x )x(r x m)^2xt4 y {T y fB) 
(2) In case of line forming in y direction 

w p(Kn) = [1-2xnx(r x /R-2xkx(N y -k+1)x(ry/R)]xpO 

;pO = v 0 xv 0 /R 

20 Here p becomes maximum when n=k=1 holds and minimum when n=N x , k=N y/2 hold. 

Maximum value within surface: 

p(1,1)A)0 = 1-2x(r x /R)-2xNyX(r/R) (20) 

25 Minimum value within surface: 

p(N xf N y ^yj30 - l^xN^r^-NyXN^xtry/R) (21) 
Variance within surface: 

Py - [p0.1)-P(N x .Ny/2)]pO ~ 2xN x x(r x /R)+(N y xN y ^-2xN ir )x(r y /R) (22) 

Accordingly, if px * Py holds, i.e.,rf (N x xN x - 8xN x )xr x * (N y xN y -8xN y )xr y holds, it is better to perform forming 
collectively in the x direction, rf px > Py holds, i.e., if (N x xN x -8xN x )xr x > (N yxN y -8xN y )xr y holds, H is better to per- 
35 form forming collectively in the y direction. 

In a case where power supply portions are at both ends of x or y, as shown in Fig. 1 7B, the expression of the con- 
dition is as follows if this arrangement is considered to be symmetrical with respect to the center of a line formed col- 
lectively: 

The condition is set based on whether (N x xN x - 24xN x )xr x or (NyXNy^xNyJxry is larger. 
40 Thus, as set forth above, the direction suited to line forming is decided by the relationship between the wiring resist- 
ance and number of devices in two directions. 

The voltage waveforms of the forming process are similar to those of Fig. 8 and are set in an appropriate manner. 
Means A-2 will now be described. 

Forming is earned out upon connecting a forming power supply (a potential of V1 or V2) to row wiring (D x1wm ) and 
45 column wiring (CK^ _ J by the arrangement shown in Fig. 18. At this time V1 is applied to k-number of the wires among 
the entirety of row wires, V2 is applied to the remaining (m-k) -number of row wires, V2 is applied to one wire among the 
entirety of column wires, and V1 is applied to the remaining (n-1) -number of the column wires. As a result, 
kx1+(m-k)x(n-1)- number of the surface-conduction electron-emitting devices among the entirety thereof are selected. 
In the selected su rface-conduction electron-emitting devices, the voltage V2-V1 is applied across the device electrodes 
so 65, 66 of Fig. 6, and electron emission portions 63, in which there is a change in structure at parts of the thin film for 
forming the electron-emitting devices, are formed. 

Next by interchanging the potentials V1 and V2 connected to the column wiring (or row wiring), the remaining sur- 
face-conduction electron-emitting devices not selected earlier are selected and forming is earned out in similar fashion. 
Waveforms of the kind shown in Fig. 8 are used as the voltage waveforms of the forming process. 
55 The difference between this means A-2 and means A-1 is that whereas forming is performed in line units according 
to means A-1 , here forming is carried out in block units. The effects are similar to those of A-1 . Specifically, voltage is 
not diverted to the surface-conduction electron-emitting devices that hav not been subjected to forming. Further, the 
number of devices to which the forming voltage is applied is reduced to one half, as a result of which the value of the 
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current that flows through the wiring is reduced. As a consequence, a variance in the characteristics of the surface-con- 
duction electron-emitting devices owing to a drop in the potential of th wiring can be suppressed. 
Means B-1 will be described next. 

The features of the manufacturing process will now be described with reference to the block diagram of Fig. 19 A, 

5 the circuit diagram of Fig. 19B and the sectional view of an individual device of Fig. 19C. 

In Fig. 19 A, numeral 191 denotes a multiple electron source, 192 electrical connecting means, 193 a temperature 
controller, 1 94 a forming power supply and 1 95 a temperature sensor. The portion enclosed by the solid line represents 
an electrification treatment apparatus according to the present invention. The multiple electron source 191 is an appa- 
ratus in which a plurality of the above-described electron-emitting devices are arrayed. The devices are connected by 

w common wiring. The electrical connecting means 1 92 has a mechanism for performing an electrical connection at a plu- 
rality of portions of the electron-emitting devices arrayed in the multiple electron source 191 . The connecting means is 
connected to each portion of the multiple electron source via resistors rf1, rf2, as shown in Fig. 1 9B). Since the electrical 
connecting means is not restricted in terms of shape (film shape and size within one pixel if this apparatus is an image 
forming apparatus) such as with regard to the common wiring of the electron-emitting devices, the resistances rf 1 . rf2 

is are made sufficiently small in comparison with the resistance r of the common wiring between dances. When a connec- 
tion is made at a plurality of portions of the electron-emitting devices arrayed in one row and a voltage is supplied from 
a power supply VE, as shown in Fig. 19B, the value of a potential drop across the resistance rf2 is sufficiently small 
since the number of parallel wires is small and the resistance is minute. The voltage impressed upon the connecting 
portions to the common wiring is substantially equal. Further, the parallel resistances as seen from the junctions are all 

20 equal values since equal numbers of devices on the left and right are connected. As a result the variance in voltage 
directly applied to each device can be made very small in comparison with the case in which electrification is carried 
out using the common wiring. 

Furthermore, the arrangement is such that a material having excellent thermal conductivity is used as connecting 
mechanisms FC, a component having a large thermal capacity is provided in the succeeding state, heating and cooling 

25 mechanisms are provided as well as a mechanism for controlling them. According to this arrangement, the connecting 
mechanisms FC are not only for passing current through the devices but also act as conduction paths for heat and func- 
tion to change the temperature of the electron emission portions through the device electrodes. A schematic sectional 
view of a connecting portion is shown in Fig. 19C. Numeral 195 denotes a substrate, 65, 65 the device electrodes for 
obtaining the electrical connection, 64 the thin film including the electron emission portion 63, and 197 electrical con- 

30 necting means serving as the path for thermal conduction. Though the electrical connecting means 1 97 is shown to be 
connected on the device electrodes, it goes without saying that they can be connected on the wiring. 

Examples of the material that can be used to construct the connecting means 197 are metals such as aluminum, 
indium, silver, gold, tungsten and molybdenum and alloys such as brass and stainless steel. In order to reduce the con- 
tact resistance with respect to the wiring and suppress a distribution in the contact resistance at a plurality of contact 

35 portions, it is preferred that the connecting means provided have its surface, which is a highly rigid metal, coated with 
a metal exhibiting a low resistance, and that each connecting means be equipped with load applying means (not shown) 
by applying a load in excess of several tens of grams to the contacting wiring. The load applying mechanism comprises 
a resilient member. For example, a coil spring or leaf spring, eta, may be used. 

The above-mentioned electrical connecting means is connected to one or a plurality of columns of the matrix wiring 

40 and the forming treatment is applied to one row or a plurality of rows simultaneously, after which the rows connected 
are shifted so that the forming treatment is applied to all rows successively, rf the number of electrical connecting means 
is made large, it is also possible to form all of them simultaneously. 

Furthermore, in a case where the electrical connecting means is provided on the wiring of the layer below the insu- 
lating layer in the simple matrix arrangement described above, H is preferred that a contact window be formed in the 

45 contact portion and that the portion of contact between the wiring of the lower layer and the electrical connecting means 
be coated with a low-resistance metal. Further, in a combination of this means with means A-1, satisfactory effects can 
be expected by provided the X-direction wiring or Ydirection wiring, namely only the wiring of a row or column selected 
in order to apply the forming voltage, with a plurality of electrical connecting means, and merely applying a voltage from 
the terminals to the unselected wiring in the same direction and the wiring in the other direction. 

so Though forming means in an electron source having a simple matrix array has been described thus far, it is possible 
to utilize means B-1 in an electron source having a ladder array as well. 

When the forming voltage is applied while the device electrodes are being cooled in the arrangement described 
above, the temperature of the f 3m 64 rises owing to Joule heat produced by the forming current If. The temperature pro- 
file at this time is steep in comparison with that of the prior art, in which cooling is not earned out The reason for this is 

55 that the heat produced by the devices escapes in a larger amount from the metal electrodes 65 and 66 than from the 
quartz or glass constituting the substrate 67. By cooling the metal electrodes 65 and 66 through the connecting means 
197, the efficiency with which the heat escapes by conduction is greatly improved. 
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The inventors hav verified that an electron emission portion is produced at the peak position of the temperature 
profile of the device by the heat of electrification. The inventors believe that this temperature is the cause of fissures 
formation. 

Conventionally, the temperature profile is broadened when the electrode spacing exceeds 10 jim. ft is believed that 
5 the electron emission portion develops a large variance for this reason. Accordingly, if the electrode temperature is con- 
trolled to be low to make the temperature profile steep, as is done in this invention, it becomes possible to make th 
variance of the electron emission portion small even rf the electrode spacing is enlarged. 

In actuality, when forming is carried out while controlling temperature through the electrification process of the 
present invention, the temperature profile of the film becomes steep and the width of the peak region is narrowed, even 
10 if the electrode spacing is made greater than 10 jim. As a result, the variance in the electron emission portion is kept 
small. 

Furthermore, it is possible to perform control in such a manner that each portion of the plurality of arrayed electron- 
emitting devices in the above-described arrangement is kept at a constant temperature. The aforementioned problem 
of the prior art namely the temperature difference at the central portion and edge portions of the multiple electron 
is source apparatus, is eliminated. As a result, variance in the electron emission portions at the time of forming becomes 
small. 

Next means B-2 will be described. 

First methods of implementation will be described for an arrangement in which at least one of the row wiring or col- 
umn wiring commonly connecting a plurality of electron-emitting devices is divided at predetermined intervals, or for an 
20 arrangement in which a high-impedance portion is provided at predetermined intervals. 

Fig. 20A illustrates ladder-shaped wiring, and Fig. 20B shows part of a simple matrix in divided form. The wiring is 
fabricated by photolithography or printing. In either case, if the masking pattern is provided with dividing gaps in 
advance, wiring having dividing gaps at predetermined intervals can be obtained with ease. Of course, wiring having 
the gaps at predetermined intervals may be obtained also by forming continuous wiring and then severing the wiring by 
25 m I ting it using a YAQ laser or by mechanical means relying upon a dicing saw. 
A method of providing high-impedance portions is as follows: 

A metal having a high resistivity, such as a thin film of nickel-chrome alloy, is vacuum-deposited on the gaps, 
obtained as set forth above, thereby to produce patterns of the film. Continuous wiring (Fig. 20) is fabricated and the 
wiring width at a portion thereof is made very narrow. Alternatively, wiring fabricated uniformly is partially reduced in 

30 thickness to form thin4ilm portions by a milling techniqua The high-impedance portions are thus obtained. 

Next, the forming treatment is applied by feeding a current to this substrate and applying a forming voltage to spe- 
cific elements (devices). The power supplying method mentioned here involves feeding current from the end of the wir- 
ing and applying the forming treatment from devices within the divided regions dose to the end of the wiring. Current 
may be fed using means similar to the special electrical connecting means used in means B-1 described above. 

35 After forming is applied to the predetermined portions, the dividing gap portions or high-impedance portions are 
short-circuited. This method will now be described. 

One method is to achieve the short circuit simply by using wire bonding or ribbon bonding consisting of Au or Al. 
Another method is as follows: one side of the gap portion, or the vicinity of the high-impedance portion, or part of 
the high impedance-portion, is coated is provided with a film of gold-silver paste or with a low melting-point metal that 

40 includes In or Bi by application using a micnxfispenser or by relying upon photolithography. The paste or low melting- 
point metal is heated and fused by laser light or infrared radiation to fill the gaps or high-impedance portions with the 
molten metal and achieve short-circuiting. Alternatively, electric current is caused to concentrate in the high-impedance 
portions, thereby raising the temperature of the high-impedance portions to obtain effects similar to those of the heating 
method described above. 

45 The means B-3 will now be described. 

According to this method, one row or one column of devices is subjected to line forming while a voltage applied to 
power supply portions is controlled in such a manner that applied power or applied voltage will be rendered constant 
for all devices at the forming of each device arrayed in a simple matrix, one dimensional ly or in the form of a ladder. In 
consideration of the problem of the prior ait, namely the fluctuation in the voltage supplied to external terminals in order 

so to carry out forming, line forming is implemented by controlling the voltage applied to the power supply portions while 
sensing up to which device forming has been completed in a row (or column) undergoing line forming. This makes it 
possible to maintain constant forming conditions with respect to all devices. 

In a case where a power supply portion is on one end of a row (or column) in a two-dimensional simple matrix array, 
the voltage applied to the power supply portion should be made small when forming devices in the vicinity of both ends 

55 of the row (or column) undergoing line forming. The voltage applied to the power supply portion should be made large 
when forming devices in the vicinity of the center. Further, in a case where power supply portions are at both ends of a 
row (or column), the voltage applied to the power supply portions should be made small when forming devices at both 
ends and in the vicinity of the center of th row (or column) undergoing line forming. The voltage applied to the power 
supply portions should be made large when forming devices in the vicinity of one-quarter of a line inward from both 
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ends. Further, in a case where one end (or both ends) of a row (or column) opposing a row (or column) to undergo line 
forming is grounded, the voltage applied to the power supply portions should be made small if the row (or column) to 
undergo line forming is near the grounded end. The applied voltage should be made large if the above-mentioned row 
(or column) is far from the grounded end. 

5 With regard to a case in which devices are arrayed in a one-dimensional ladder, if a power supply portion is placed 
at on location at one end of the ladder line and a grounded portion is placed at the other end, then the voltage applied 
to the power supply portion is made small when forming devices in the vicinity of the power supply end. The voltage 
applied to the power supply portion is made large when forming devices in the vicinity of the grounded end. If a power 
supply portion and grounded portion are placed at an end on the same side of a ladder line, then voltage applied to the 

10 power supply portion is made small when forming devices in the vicinity of both ends, and voltage applied to the power 
supply portion is made large when forming devices in the vicinity of the central portion of the line. H power supply por- 
tions and grounded portions are placed at one location each on both ends of a ladder line, then voltage applied to the 
power supply portions is made small when forming devices in the vicinity of both ends and in the vicinity of the central 
portion. The voltage applied to the power supply portions is made large when forming devices in the vicinity of one- 

75 quarter of a line inward from both ends. 

More specifically, when forming an device at an device address (k,n) in a simple matrix, for example, in X direction, 
it will suffice to apply a voltage v 0 (k,n) to the power supply portion in accordance with the equation 

vO(Kn) = C'xp+kxry/R+nxfN-n+IJxrjj/R] (23) 

20 

(where C is a constant) 

to compensate for the voltage distribution of Equation (1) and attain a constant voltage. Here C decides the optimum 
value experimentally. Further, in order to detect the address of an device that has already undergone forming, it will suf- 
fice to measure the impedance between the power supply portion and the grounded portion. The impedance measure- 
rs merit may be carried out by making one or a plurality of forming pulses having a fixed pulse height one block, and 
inserting a pulse whose voltage is lower than that of forming pulses between blocks. An example of pulse application is 
shown in Fig. 23. Here T1 is on the order of 1 jis ~ 10 msec, and T2 is on the order of 10 fis ~ 100 msec. Further, N 
represents 1 ~ 100 pulses, and VI is on the order of 0.1 V. 

If the number of blocks (the number of impedance measurements) is small, the algorithm of forming control will be 
30 simple and the time needed for forming an entire line can be shortened. If the number of block is large, on the other 
hand, a variance in forming conditions between devices can be kept small. 

It should be noted that the method of applying forming pulses and the method of detecting device addresses are 
not limited to the foregoing. Detection of device addresses can be dispensed with as long as fixed conditions are 
imposed. 

35 Next, with reference to Figs. 24 and 25A, B, an image forming apparatus used in a display or the like that employs 
an electron source fabricated as set forth above will be described with regard first to a simple matrix arrangement Fig. 
24 is a basic structural view showing the image forming apparatus, and Figs, 25A, 25B show fluorescent films. 

Shown in Fig. 24 are an electron-source substrate 1 1 1 on which the electron-emitting devices are fabricated as set 
forth above, a rear plate 241 to which the substrate 1 1 1 is secured, a face plate 246 having a phosphor film 244 and a 

ao metal back 245 formed on the inner surface of a glass substrate 243, and a supporting frame 242. The rear plate 241 , 
supporting frame 242 and face plate 246 are coated with frit glass or the like, which is then baked in the atmosphere or 
in a nitrogen environment at 400 - 500°C for more than 10 min to effect sealing and construct a vessel 248. 

In Fig. 24, numeral 247 corresponds to the electron emission portion in Fig. 1 . Numerals 1 12, 1 13 denote X-direc- 
tion wiring and Y-direction wiring connected to the pairs of device electrodes of the surface-conduction electron-emitting 

45 devices. If the device electrodes and wiring are made of identical material, then are cases in which the wiring to the 
device electrodes will be referred to as device electrodes. 

As mentioned above, the vessel 248 is constructed by the face plate 246, supporting frame 242 and rear plate 241 . 
However, since the rear plate 241 is provided mainly for the purpose of reinforcing the substrate 1 1 1 , it may be dis- 
pensed with if the substrate 111 itself has sufficient strength. The supporting frame 242 may be sealed directly on the 

so substrate 1 11 so that the vessel 248 may be constructed by the face plate 246, supporting frame 242 and substrate 
111. 

Figs. 25A, 25B illustrate the fluorescent film 244. The fluorescent film 244 comprises only f luorescer if the appara- 
tus is for monochromatic use. In the case of a fluorescent film for color, however, the fluorescent film comprises a black 
electrically conductive material 251, referred to as black stripes or a black matrix, and f luorescer 292. The purpose of 
55 providing the black stripes or black matrix is to make color mixing and the like less conspicuous by blackening the 
coated portions between the f luorescer 252, which are f luorescer of the three primary colors necessary to present a 
color display, and to suppress a decline in contrast caused by reflection of external light at the fluorescent film 244. As 
for the material constituting the black stripes, use can be made of a substance whose principal ingredient is graphite. 
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However, this does not impose a restriction upon the invention; any material may be used so long as it is electrically 
conductive and allows but little light to pass through or to be reflected. 

As for the methods of coating the glass substrate 243 with the phosphors, a precipitation method or printing method 
irrespective of whether the display is monochromatic or color. 

5 The inner side of the fluorescent film 244 usually is provided with the metal back 245. The purpose of the metal 
back 245 is to raise luminance by reflecting the part of the fluorescent light emission that is directed toward the inner 
surface to the side of the face plate 246, to act as an electrode for applying an accelerating voltage to the electron 
beams, and to protect the f luorescer against damage due to bombardment of negative ions generated within the vessel. 
The metal back is fabricated by applying a smoothing treatment (usually referred to as "filming") to the inner surface of 

ro the fluorescent f 3m after the fluorescent film is formed, and then depositing aluminum (Al) by vacuum deposition. 

In order to improve the conductivity of the fluorescent film 244, there are cases in which the face plate 246 is pro- 
vided with transparent electrodes (not shown) on the side of the outer surface of the film 244. 

When the above-mentioned sealing operation is carried out, it is required that sufficient positioning be carried out 
since the color fluoresces of the various colors and the electron-emitting devices must be made to correspond in the 

75 case of a color display. 

The vessel 248 is evacuated to about 10~ 7 Ton* through an exhaust pipe (not shown) and then sealed. There are 
cases in which a getter treatment is applied in order to maintain the vacuum after sealing. This is a treatment in which 
a getter, which has been disposed at a predetermined position (not shown) in the vessel 248, is heated by a heating 
method such as resistive heating or high-frequency heating immediately before sealing is performed or after sealing, 

20 thereby forming a vacuum-deposited f 9m. The principal ingredient of the getter usually is Ba, etc. By way of example, a 
vacuum on the order of 1 x 10" 5 ~ 1 x 10* 7 Torr is maintained by the adsorbing action of the vacuum-deposited film. 

In the image display apparatus of the invention completed as described above, a voltage is applied to each of the 
electron-emitting devices through external terminals D ox1 - D oxm , D oy1 ~ D^, whereby electrons are emitted. A high 
voltage Hv greater than several kV is impressed upon the metal back 245 or transparent electrodes (not shown) through 

25 a high-voltage terminal Hv, thereby accelerating the electron beams. The electrons irradiate the fluorescent film 244, 
thereby exciting the f luorescer into light emission to display an image. It should be noted that the external electrodes 
D oxi ~ D axm- D oyi " D oyn °* 106 vessel are connected to wiring ~ D^, D y1 ~ D^, respectively. 

The components described above are those necessary to fabricate a preferred image forming apparatus used in a 
display or the like. The particular parts of the apparatus, such as the materials constituting the various members, are 

30 not limited to those set forth above. Materials and parts may be appropriately selected so as to be suitable for applica- 
tion to an image display apparatus. 

An image forming apparatus using an electron source having the above-described ladder arrangement will now be 
described with reference to Fig. 21. 

Fig. 21 is a schematic showing the panel structure of an image forming apparatus equipped with a multiple electron 

35 source in a ladder array. This differs from the image forming apparatus of the simple matrix array described earlier in 
that grid electrodes are provided between the electron sources (substrate S) and the face plate. In other aspects the 
two apparatuses are constructed of identical members and are arranged in the same manner. 

Grid electrodes GR (or referred to controlled electrodes) are provided intermediate the substrate S and face plate 
FP. The grid electrodes are capable of modulating the electron beams emitted by the surface-conduction electron-emit- 

40 ting devices. By way of example, the grid of Fig. 21 is provided with circular openings Gh, each of which corresponds 
to a device, in order to transmit the electron beams to stripe-shaped electrodes provided perpendicular to the device 
rows of the ladder array. The shape of the grid and the position at which it is placed need not necessarily be as shown 
in Fig. 21. In addition, there are instances in which a number of transmission holes are provided as the openings in the 
form of a mesh. Further, the grid may be provided at the periphery of the surface-conduction electron-emitting devices 

45 or near the periphery. 

The electrodes of the electron source and the grid electrodes are electrically connected to a control circuit outside 
the evacuated vessel. 

In the image forming apparatus of the invention, modulating signals of one line of an image are applied simultane- 
ously to a row of grid electrodes in synchronism with successive driving (scanning) of the device rows one row at a time, 
so thereby controlling the irradiation of the phosphors with each electron beam and displaying an image one line at a time. 

A preferred example of electric circuitry for carrying out a display operation in which the display panel created as 
described above serves as an image forming apparatus will be exemplified below. 

Fig. 22 is a block diagram showing an image forming apparatus constructed using an electron source in which a 
plurality of electrorvermtting devices are arranged in the form of a simple matrix created by the manufacturing method 
55 of the present invention. The image forming apparatus is used as a drive circuit for presenting a television cfisplay based 
upon an NTSC television signal. In Rg. 22, numeral 221 denotes a display panel, 222 a scanning circuit, 223 a control 
circuit 224 a shift register, 225 a line memory, 226 a synchronizing-signal separating circuit, and 227 a modulating sig- 
nal generator. Further, Vx, Va represent DC vottag sources. 
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The function of each component will be described in due course. First, th display panel 221 is connected to exter- 
nal electric circuitry via terminals D x1 - D^, terminals D y1 - Dyn and a high-voltage terminal Scanning signals for 
successively driving, one row (N devices) at a time, the multiple electron-beam sources provided within the cfisplay 
panel, namely the group of surface-conduction electron-emitting devices matrix-wired in the form of an m-row, n-column 
matrix, are applied to the terminals D x1 - D^. Modulating signals for controlling the output electron beams of the 
respective devices of the surface-conduction electron-emitting devices in a row selected by the scanning signals are 
applied to the terminals D y1 - D^. A DC voltage of, say 10 KV is supplied to the high-voltage terminal Hv from the DC 
voltage source Va. This DC voltage is an accelerating voltage for imparting the electron beams, which are delivered by 
the surface-conduction electron-emitting devices, with enough energy to excite the phosphors. 

The scanning circuit 222 will now be described. 

The scanning circuit 222 is internally provided with M-number of switching devices (schematically illustrated by S1 
through Sm in Fig. 22). Each switching device selects either the output voltage of the DC power supply Vx or 0 V (the 
ground level) and electrically connects the selected voltage to a corresponding one of the terminals D x1 through D^ of 
the display panel 221 . Though the switching devices S1 - Sm operate on the basis of a control signal 

"'"scan output by 

the control circuit 223, in actuality it is possible to readily realize the switching devices by combining switching devices 
such as FETs, by way of example. 

In this embodiment, the DC voltage supply Vx has been set, based upon the characteristic (the electron-emission 
threshold voltage) of the surface-conduction electron-emitting devices, so as to output such a constant voltage that the 
driving voltage applied to an device not being scanned will fall below the electron-emission threshold voltage. 

On the basis of an image signal that enters from the outside, the control circuit 223 acts to coordinate the operation 
of each component so as to present an appropriate display. On the basis of a synchronizing signal T SYNC sent from the 
synchronizing-signal separating circuit 226 described next, the control circuit 223 generates control signals Tqqw 
Tsft and T^ry t° each of the components. 

The synchronizing-signal separating circuit 226 separates a synchronizing signal component and a luminance sig- 
nal component from an externally entered NTSC television signal. If a frequency separating circuit (fitter) is used, the 
circuit 226 can be readily constructed, as is well known. Though the synchronizing signal separated by the synchroniz- 
ing-signal separating circuit 226 comprises a vertical synchronizing signal and a horizontal synchronizing signal, as well 
known, here these signals are expressed by the signal T SYNC for the sake of simplicity. The image luminance signal 
component separated from the aforementioned television signal is represented by a DATA signal for the sake of simplic- 
ity. This signal is applied to the shift register 224. 

The shift register 224 is for converting the DATA signal, which enters serially in a time series, into a parallel signal 
every line of the image. The shift register 224 operates based upon the control signal T SFT sent from the control circuit 
103. (That is, the control signal T SFT may be referred to as the shift clock of the shift register 224.) The serial/fc)arallel- 
converted data of one line of the image (which corresponds to the drive data of N-number of electron-emitting devices) 
is output from the shift register 224 as N-number of parallel signals l D1 - l Dn . 

The line memory 105 is a memory apparatus that stores one line of the image data for a requisite period of time 
only. The line memory 105 stores the contents of ID1 - IDn suitably in accordance with the control signal T MRY sent 
from the control circuit 223. The stored contents are output as l' D1 - l' DN , which enter the modulating signal generator 
227. 

The modulating signal generator 227 is a signal source for appropriately modulating the drive of each of the sur- 
face-conduction electron-emitting devices in dependence upon individual items of image data l' D1 ~ i' DN . The output 
signals of the modulating signal generator 227 are applied to the surface-conduction electron-emitting devices within 
the display panel 221 through the terminals D y1 ~ D^. 

As described again, the electron-emitting devices of the present invention have the following basic characteristics 
with respect to the emission current le: Specifically, as mentioned above, the electron emission has a clearly defined 
threshold voltage Vth, and an electron emission is produced only when a voltage greater than the threshold voltage Vth 
is applied. 

Further, the emission current also changes in dependence upon a change in the applied voltage of the devices with 
regard to a voltage greater than the electron emission threshold voltage. There are cases in which the value of the elec- 
tron-emission threshold voltage Vth and the degree of change in the emission current with respect to the applied volt- 
age are changed by changing the material, construction and method of manufacture of the electron-emitting devices. 
In any case, the following can be said to hold: 

Specifically, in a case where a pulsed voltage is applied to a device, no electron emission takes place even if a volt- 
age below the electron emission threshold value is applied. In a case where a voltage greater than the electron emis- 
sion threshold value is applied, however, an electron beam is output. First, it is possible to control the intensity of the 
output electron beam by changing the peak value Vm of the pulse waveform. Second, it is possible to control the total 
amount of electric charge of the output electron beam by changing the pulse width Pw. 

Accordingly, a voltage modulation method and a pulse-width modulation method can be mentioned as methods of 
modulating the electron-emitting devices in conformity with the input signal. In order to implement voltage modulation, 
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a circuit used as the modulating signal generator 227 employs a voltage modulating method according to which voltage 
pulses of a fixed width are generated but the peak value of the pulses is suitably modulated in conformity with the input 
data. 

In order to implement pulse-width modulation, a circuit used as the modulating signal generator 227 employs a 

5 pulse-width modulating method according to which voltage pulses of a fixed peak value are generated but the width of 
the voltage pulses is suitably modulated in conformity with the input data. 

By virtue of the series of operations described above, a television display is presented using the display panel 221 . 
Though not particularly touched upon above, the shift register 224 and line memory 225 may be of digital or analog 
type. What is important is that the parallel/serial conversion of the image signal and the storage of the converted signal 

w be performed at a predetermined speed. In a case where a digital arrangement is used, it is necessary that output data 
DATA of the synchronizing-signal separating circuit 226 be converted to a digital signal, ft goes without saying that this 
can be readily achieved if an A/D converter is provided at the output of the synchronizing-signal separating circuit 226. 
Further, it goes without saying that the circuit used as the modulating signal generator 227 is slightly different depending 
upon whether the output signal of the line memory 225 is digital or analog. That is, in case of a digital signal, a well- 

is known D/A converting circuit may be used in the modulating signal generator 227 if modulation is by the voltage mod- 
ulating method, ft necessary, an amplifier circuit or the like may also be provided. In a case where modulation is by the 
pulse-width modulating method, the modulating signal generator 227 can readily be constructed by one skilled in the 
art H use is made of circuit that is a combination of a high-speed oscillator, a counter for counting the number of waves 
output by the oscillator, and a comparator for comparing the output value of the counter with the output value from the 

20 above-mentioned memory. If necessary, an amplifier circuit may also be provided for voltage-amplifying the pulse-width 
modulated signal from the comparator to the driving voltage of the surface-conduction electron-emitting devices. 

In case of an analog signal, an amplifier circuit employing a well-known operational amplifier, for example, may be 
used in the modulating signal generator 227 if modulation is by the voltage modulating method. If necessary, a level- 
shift circuit or the like may also be provided. In a case where modulation is by the pulse-width modulating method, a 

25 w ll-known voltage-controlled oscillator (VCO) may be used. If necessary, an amplifier circuit may also be provided for 
voltage-amplifying the pulse-width modulated signal to the driving voltage of the surface-conduction electron-emitting 
devices. 

Examples of the present invention will now be described in detail. 
30 [Example 1] 

This example relates to an example of an electron source in which a number of the surface-conduction electron- 
emitting devices fabricated in accordance with means A-1 are in the form of a simple matrix array. 

Fig. 26 is a plan view illustrating a portion of an electron source. Fig. 27 is a sectional view taken along line A-A f of 

35 Fig. 26. Components in Figs. 26 and 27 that are identical are designated by like reference characters. Here numeral 
261 denotes a substrate, 262 the X-direction wiring (also referred to as "lower wiring") corresponding to Dx in Fig. 24, 
and 263 the Ydirection wiring (also referred to as "upper wiring") corresponding to Dy in Fig. 24. Numeral 264 denotes 
a thin film that includes an electron emission portion. Numerals 272, 273 denote device electrodes, 274 an interiayer 
insulating layer, and 275 a contact hole for electrically connecting the device electrode 272 and the lower wiring 262. 

40 The method of manufacture will now be described in detail in accordance with the process steps while referring to 
Figs. 28A - 28H. 

[Step a] 

45 Cr having a thickness of 50 A and Au having a thickness of 6000 A were successively formed by vacuum deposition 
on the substrate 261 , which was obtained by forming a film of silicon oxide to a thickness of 0 5 fim on a cleaned plate 
of sodafime glass 261 by sputtering. Thereafter, a photoresist (AZ1370, manufactured by Hoechst Japan Ltd.) was rela- 
tively applied by a spinner and then baked. A photomask image was then exposed and developed to form the resist pat- 
tern of the lower wiring 262. The deposited film of Au/Cr was then subjected to wet etching to form the lower wiring 262 

so of the desired shape. 

[Stepb] 

Next the interiayer insulating layer 274, which comprises a silicon oxide films having a thickness of 0.1 jim, was 
55 deposited by RF sputtering. 
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[Stepc] 

A photoresist pattern for forming the contact hole 275 in th silicon oxide film, which was deposited at step b, was 
produced, and the interiayer insulating layer 274 was etched away, using the photoresist pattern as a mask, to form the 
5 contact hole 275. The etching method was RIE (reactive ion etching) using CF 4 and H2 gas, by way of example. 

[Stepd] 

Next to obtain the device electrodes 272, 273 and a gap L1 between the device electrodes, a pattern was formed 
10 by a photoresist (RD-2000N-41 , manufactured by Hitachi Kasei K.K.), after which Ti and Ni were successively depos- 
ited to thicknesses of 50 A and 1000 A, respectively, by vacuum deposition. The photoresist pattern was dissolved by 
an organic solvent and the deposited film of Ni/Ti was lifted off to form the device electrodes 272, 273 having the gap 
L1 between them. Here the gap was 2 jim and the width W1 of the terminal electrode W1 was 220 fim 

75 [Step e] 

After a photoresist for the upper wiring 263 was formed on the device electrodes 272, 273, Tl and Au were succes- 
sively vacuum-deposited to thicknesses of 50A and 5000 A, respectively. Unnecessary portions were then removed by 
being lifted off to form the upper wiring 263 of the desired shape. 

20 

[Stepf] 

Fig. 29 is a partial plan view showing a mask of a thin fflm 271 for forming the electron emission portion of each 
surface-conduction electron-emitting device according to this process. This mask has the gap L1 between the device 

25 electrodes and openings in the vicinity thereof. By using this mask, a Cr film having a fflm thickness of 1000 A was 
deposited by vacuum deposition and subjected to patterning. Organic Pd (CCP4230, manufactured by Okuno Seiyaku 
K.K.) was then rotatively applied to the Cr thin film by a spinner, after which a heating and baking treatment was applied 
for 10 min at 300°C. The thus formed thin film, which is for forming the electron-emitting device, comprising fine parti- 
cles the principle device of which was Pd had a film thickness of 100 A. The sheet resistance value was 5 x 10 4 Q/ . 

30 The film of fine particles is a film constituted of a large number of fine particles, as set forth earlier. As for the fine struc- 
ture, the fine particles are not limited to loosely dispersed particles; the film may be one in which the fine particles are 
tightly arranged or mutually and randomly overlapping (to form an island structure under certain conditions). The fine 
particles have a mean particle size of preferably between several angstroms and hundreds of several angstroms. 

35 [Step g] 

The Cr film 276 and the baked thin film 277 for forming the electron emission portion were subjected to wet etching 
by an acid etchant to form a desired pattern. 

40 [Step h] 

A pattern such as will apply a photoresist to portions other than that of the contact hole 275 was formed, after which 
Tl and Au were successively deposited to thicknesses of 50 angstroms and 5000 angstroms, respectively, by vacuum 
deposition. By removing unnecessary portions of the photoresist by lift-off, the contact hole 275 was left filed. 
45 Thus, by performing the foregoing process, the lower wiring 262, the interiayer insulating layer 274, the upper wiring 
263, the device electrodes 272, 273 and the thin film 277 for forming the electron emission portion were formed on the 
same insulative substrate 261 . The substrate fabricated as set forth above is referred to as an electron-source substrate 
that has not been subjected to forming. 

Next, a detailed example will be described in which, using the electron-source substrate that has not been sub- 
so jected to the forming treatment, an electron source is fabricated by carrying out the forming treatment according to the 
present invention. 

Fig. 30 is a diagram for describing this embodiment and shows the electrical connections when forming is applied 
to part of a group of surface-conduction electron-emitting devices wired in the form of a simple matrix in the manner 
described earlier. For the sake of convenience, only 6x6 surface-conduction electron-emitting devices are shown to be 
55 wired in the form of the simple matrix. According to this embodiment however, a 300 x 200 matrix has been fabricated. 

In order to distinguish among the surface-conduction electron-emitting devices in the description, the devices are 
represented by (X,Y) coordinates in the form D(1 , 1), D(1 ,2), • • • , D(6.6) in Fig. 30. 

Further, D x1 , • • • , and D y1 , Dy2, • • • , in Fig. 30 represent the respective wires of the simple matrix 
wiring. These wires electrically connect the matrix to the outside via terminals P. 
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Further, VE represents a voltage source having the capability to generate a voltage necessary for the forming of 
the surface-conduction electron-emitting devices. 

Fig. 30 illustrates a voltage application method for simultaneously forming 300 devices, namely D(1,3), D(2,3), 
D(3,3). D(4,3), D(5,3), D(6,3) f • • • , D(300,3). As shown in Fig. 30, ground level, namely 0 V, is applied to the wire D^. 
5 A potential of, say, 6 V from a voltage source Vuxm is applied to the X-direction wiring other than wire D^, namely to 
wires D x1 , D x4 , D^, • • • , Dx2oo- At the same time, a potential from the voltage source V torm is applied to each 
of the wires D y1 , D^, D y4 , D^, D^. • • • . Dy 300 . 

As a result, the output voltage of the voltage source is impressed across the devices D(1 ,3), D(2,3), D(3,3). 
D(4,3), D(5,3). D(6,3), • * * , D(300,3) that have been selected from among the plurality of matrix-wired devices. Con- 
10 sequently, these 300 devices are subjected to forming in parallel. 

As for the devices other than the above-mentioned 300 devices, a substantially equal potential (the output potential 
of the voltage source VE) is applied to both ends of each device, so that the voltage across each device is approxi- 
mately 0 V. Naturally, this means that these devices are not subjected to forming. The thin film comprising the electron 
emission material does not deteriorate and is not damaged. 
is The electron emission portions thus fabricated consisted of fine particles, the principle ingredient of which was pal- 
ladium, in a dispersed state. The average particle diameter of the particles was 30 angstroms. 

The resistance of each device was about 1 kQ,the resistance (in the x direction) of the lower wiring per device was 
about 0.03 O, and the resistance (in the y direction) of the lower wiring per device was about 0.1 Q . 

In a case where the power supply portion is on one side, we have the following from Equation (12), as set forth ear- 

20 lier: 

(N x xN X -6N x )xr x = 2628. (N yXN y -8N y )xr y = 3840 

Therefore, though the number of devices is large, the devices in the x direction should be subjected to forming. 
25 In order to ascertain the characteristics of a number of plane-type surface-conduction electron-emitting devices 
fabricated by the foregoing process, the electron emission characteristics were measured using the measuring appara- 
tus of Fig.9. 

As for the measurement conditions, the distance between the anode electrode and the surface-conduction elec- 
tron-emitting device was made 4 mm, the potential of the anode electrode was made 1 kV, and the degree of vacuum 
30 within the evacuated vessel at the time of measurement of the electron emission characteristic was set at 1 x 1 0" 6 Ton*. 
In a typical surface-conduction electron-emitting device in this embodiment emission current le increased sharply 
from an device voltage of 8 V. At an device voltage of 14 V, device current If was 2.2 mA, and the emission current le 
was 1.1 jiA. Electron emission efficiency = leflf (%) was 0.05%. 

According to this embodiment, the variance in electron emission efficiency was less than 7% for all devices, indi- 
35 eating that substantially uniform characteristics were obtained. 

(Example 2) 

Here an example will be described in which an image forming apparatus was constructed using the electron-source 
40 substrate, fabricated according to Example 1, that has not been subjected to the forming treatment. This will be 
described with reference to Figs. 24 and 25A, 25B. 

The electron-source substrate 111, obtained by arranging 300 x 200 devices, which have not been subjected to the 
aforementioned forming treatment, was secured to the rear plate 241, after which the face plate 246 (comprising the 
ph sphor film 244, which is an image forming member, and the metal back 245 on the inner surface of the glass plate 
45 substrate 243) was disposed 5 mm above electron-source substrate 1 1 1 via the supporting frame 242, and the joints 
of the face plate 246, supporting frame 242 and rear plate 241 were coated with frit glass, which was then baked in the 
atmosphere at 400°C for 10 min to effect sealing. Fixing of the electron-source substrate 1 1 1 to the rear plate 241 was 
also accomplished by using frit glass. 

The fluorescent film 244 comprises only f luorescer if the apparatus is for monochromatic use. In this embodiment, 
so however, the fluorescent film 244 was fabricated by forming black stripes (as shown in Fig. 25) in advance and applying 
a coating of various color phosphors between the stripes. As for the material constituting the black stripes, use was 
made of a substance whose principal ingredient was graphite. The slurry method was used to coat the glass substrate 
244 with the phosphors. 

The metal back 246 provided on the inner side of the fluorescent film 245 was fabricated by applying a smoothing 
55 treatment (usually referred to as "filming") to the inner surface of the fluorescent film after the fluorescent film was fab- 
ricated, and then depositing Al by vacuum deposition. In order to improve the conductivity of the fluorescent film 245, 
th re are cases in which the face plate is provided with transparent electrodes on the side of the outer surface of the 
film 245. In this embcxf ment, however, the electrodes were not used since satisfactory conductivity was obtained with 
the metal back 246 alone. When the above-described sealing operation is performed, sufficient positioning is carried 
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out since the color f luorescer and the surface-conduction electron-emitting devices must be made to correspond in the 
case of a color display. 

The environment within the glass vessel completed as described above was withdrawn through an exhaust pipe 
(not shown) using a vacuum pump After a degree of vacuum on the order of 10 s Torr was attained, a voltage was 

5 applied across the device electrodes through external terminals D Q xi ~ D OXm , D Q yi - D OYn according to the scope of 
Example 1 , whereby the above-described electrification treatment (forming treatment) was applied to form the electron 
emission portions and fabricate the surface-conduction electron-emitting devices. 

Next the exhaust pipe (not shown) was heated by a gas burner in a vacuum on the order of 1 x 10' 6 Torr, thereby 
sealing off the vessel by fusing it. 

10 Finally, a getter treatment was applied in order to maintain the vacuum after sealing. Specifically, a getter of Ba, 
which was disposed at a predetermined position (not shown) in the image forming apparatus, was heated by a high- 
frequency heating method after the sealing treatment thereby forming a vacuum-deposited film. 

In the image forming apparatus of the invention completed as described above, scanning signals and modulating 
signals were applied to each of the surface-conduction electron-emitting devices through the external terminals D ox1 ~ 

15 D oxnv d oyi ~ D oYn bv signal generating means (not shown), whereby electrons were emitted. A high voltage greater 
than several kilovofts was impressed upon the metal back 245 through the high-voltage terminal Hv, thereby accelerat- 
ing the electron beam. The electrons were thus caused to bombard the fluorescent film 244, thereby exciting the fluo- 
rescer into light emission to display an image. 

In the image forming apparatus fabricated according to this Example, it was confirmed that the device characteris- 

20 tics were uniform and that a great improvement was achieved in the uniformity of the luminance of the display image 
owing to the fact that a number of surface-conduction electron-emitting devices wired in the form of a sinrple matrix 
could be formed uniformly. 

In actuality, two display apparatuses fabricated as described above were prepared. In one apparatus, the power 
supply portion was provided on one side only and line forming was carried out in the x direction. In the other apparatus, 
25 the power supply portion was provided on one side only and line forming was earned out in the y direction. A constant 
voltage was applied to each pixel, 5 kV was applied to the high-voHage terminal Hv and luminance was measured. 
Whereas line forming in the x direction resulted in luminance irregularity of less than 7%, line forming in the y direction 
resulted in luminance irregularity of 15%. In other words, it will be understood that the direction in which line forming 
should be carried out can be decided prior to forming. 

30 

(Example 3) 

Described next will be an image forming apparatus fabricated in the same manner as in the Example 2 using 
means A-1 according to the present invention. In this example, however, the number of devices, the shape of the wiring 
35 and the thickness differ from those of Example 2. An electron-source substrate was fabricated in which N x = 50, r x = 0.3 
£}, N y = 50, r y = .1 Q, R = 1 k£2, using the expressions already described. Further, the image forming apparatus had a 
structure in which current could be fed from both ends of the wiring in the X and Y directions. 

In a case where power supply portions are provided on both sides of each wire, we have the following, as described 
earlier: 

40 

(N x xN x -24N x )xr x = 39, (NyXNy-24N y )xry = 18 

That is, it will be appreciated that the surface-conduction electron-emitting devices in the Y direction should be sub- 
jected to forming. 

45 As in the Example 2, two panels subjected to the forming treatment by two methods, namely the line forming 
method in the x direction and the line forming method in the y direction, were compared, ft was found that luminance 
irregularity was 12% with the former and less than 6% with the latter. Clearly, carrying out the forming treatment in the 
y direction gives less luminance irregularity. In other words, it will be understood that the direction in which line forming 
should be carried out can be decided prior to forming. 

so 

(Example 4) 

A treating apparatus for carrying out the forming treatment of means A-1 according to the present invention will now 
be described. 

55 Fig. 31 shows an example of an electric circuit arrangement of a forming treating apparatus. Numeral 31 1 in Fig. 
31 denotes an electron-source substrate, which has not been subjected to the forming treatment obtained by wiring, in 
the form of a simple matrix, m x n surface-conduction electron-emitting devices fabricated thr ugh a process similar to 
that of Example 1 . Numeral 312 denotes a switching device array. 313 a forming pulse generator, and 314 a control cir- 
cuit. 
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The electron-source substrate 31 1 is electrically connected to the peripheral electric circuitry via terminals D x1 ~ 
D xm Dy 1 - Dym. The terminals D x1 - are connected to the switching dance array 312, and the t rminals D y1 ~ Dyn, 
are connected t the output of the forming pulse generator 313. 

The switching device array 312 is internally equipped with n-number of switching devices St ~ S,,. The switching 
devices function to connect respective ones of the terminals D x1 ~ to the output of the forming pulse generator 313 
or to ground level. 

Each switching device operates in accordance with a control signal SC1 generated by the control circuit 314. 

The timing pulse generator 313 outputs voltage pulses in accordance with a control signal SC2 generated by the 
control circuit 314. The control circuit 31 4 is a circuit for controlling the operation of the switching devices and the oper- 
ation of the forming pulse generator 313, as described above. 

The functions of the various components are as described above. Overall operation will now be described. 

First before forming is started, all of the switching devices of the switching device array 312 are connected to the 
ground-level side in response to control by the control circuit 314. Further, the output voltage of the forming pulse gen- 
erator 31 3 also is held at the ground level of 0 V. 

Next in order to select one row of the device rows and subject them to the forming treatment, as described in con- 
nection with Fig. 30, the control circuit 314 generates the control signal SC1 in such a manner that all of the switching 
devices in the switching device array 312 other than those connected to the row to undergo the forming treatment will 
be connected to the side of the forming pulse generator 313. (In the example illustrated in Fig. 31 , all switching devices 
exducfing S3 are connected to the side of the forming pulse generator 313). 

Next the control circuit 314 sends the forming pulse generator 31 3 the control signal SC2, in response to which the 
generator 313 generates voftage pulses suitable for forming. 

If forming for the selected row of devices is completed, the control circuit 314 generates the control signal SC2, 
causing the forming pulse generator 313 to halt pulse generation and sending the output voltage to 0 V. Furthermore, 
the control signal 314 generates the control signal SC1 so that all of the switching devices contained in the switching 
device array 313 will be connected to the side of the ground level. 

By virtue of the foregoing operational procedure, forming of the arbitrarily selected row of devices is completed. By 
successively forming other rows of devices by a similar procedure, it is possible to uniformly form all devices of the sub- 
strate on which m x n surface-conduction electron-emitting devices are wired in a simple matrix. 

In this example, the forming treatment was carried out by applying voltage waveform pulses of the kind shewn in 
Fig. 8 to selected devices using a simple matrix substrate having 100 x 100 devices. Furthermore, in this example, 
pulse width T1 was 1 msec, pulse interval T2 was 1 0 msec, the peak value of the triangular waveform (the peak voltage 
at the time of forming) was 5 V, and the forming treatment was earned out for 60 sec under a vacuum of about 1 x 1 0" 6 
Torr. 

Upon using the measuring apparatus of Fig. 9 to measure a typical device in a fabricated electron source, it was 
found that emission current le increased sharply from an device voftage of 8 V. Further, at an device voltage of 14 V, 
device current If was 2.4 mA, and the emission current le was 1.0 pA. Electron emission efficiency i\= le/tf (%) was 

0. 04%. 

When a variance in fissure formation occurs, the above-described uniformity of electron emission efficiency 
between devices is not obtained. However, in accordance with the forming apparatus of the present invention, the var- 
iance in voltage effectively applied to each device becomes small at the instant forming is earned out and the variance 
in electron emission efficiency between devices is held below 10% as an device characteristic. 

(Example 5) 

Next a specific example will be described in which an electron source is produced by carrying out the forming treat- 
ment based upon the aforesaid means A-2 using an electron-source substrate, identical with that fabricated in Example 

1 , which has not been subjected to the forming treatment 

Fig. 18 is a diagram for describing this embodiment and shows the electrical connections when forming is applied 
to part of a group of surface-conduction electron-emitting devices wired in the form of a simple matrix in the manner 
described earlier. 

According to the arrangement of Fig. 18, forming is carried out by connecting a forming power supply (a potential 
of V1 or V2) to row wiring (Dxi^m) and column wiring (EVi _ J. At this time the potential V1 is applied to k-number of 
the wires among the entirety of row wires, the potential V2 is applied to the remaining (m-k)-number of row wires, the 
potential V2 is applied to L-number of wires among the entirety of column wires, and the potential V1 is applied to the 
remaining (n-L)-number of the column wires. As a result, KxL+{m-K)x(n- L)-number of the surface-conduction elec- 
tron-emitting devices among the entirety thereof are selected. A voftage of substantially V2-V1 (6 V in this embodiment) 
is applied to the selected surface-conduction electron-emitting devices to carry out forming. 

As for the devices other than the above-mentioned selected devices, a substantially equal potential is applied to the 
electrodes at both ends of the devices, so that the voltage across each device is approximately 0 V. Naturally, this 
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means that these devices are not subjected to forming. In addition, the thin fflm for forming the electron emission por- 
tions does not deter iorat and is not damaged. 

Next, by interchanging the potentials V1 and V2 connected to the column wiring (or row wiring), the remaining sur- 
face-conduction electron-emitting devices not s lected earlier are selected and forming is carried out in similar fashion. 

In order to ascertain the characteristics of the number of surface-conduction electron-emitting devices fabricated in 
the foregoing process with m, n set at 100, K and L set at 50, the electron emission characteristics were measured 
using the measuring apparatus of Fig.9. 

As for the measurement conditions, the distance between the anode electrode and the surface-conduction elec- 
tron-emitting device was made 4 mm, the potential of the anode electrode was made 1 kV, and the degree of vacuum 
within the evacuated vessel at the time of measurement of the electron emission characteristic was set at 1 x 1 0" 6 Torr, 
as in the above-described example. As a result, the electron emission efficiency r\ = le/H (%) was 0.04%. Further, sub- 
stantially uniform characteristics were obtained for all devices. For example, variance in the electron emission efficiency 
tj was less than 8% overall. 

(Example 6) 

An image forming apparatus fabricated by applying a forming treatment identical with that of Example 5 will now be 
described with reference to Fig. 24. 

Though the arrangement and method of fabrication are similar to those of Example 2 described earlier, here an 
image forming apparatus that has not been subjected to the electrification treatment is fabricated using an electron- 
source substrate on which 1 00 x 1 00 devices are wired in the form of a simple matrix, i.e., a substrate identical with that 
fabricated in Example 5. 

The environment within the glass vessel completed as described above was withdrawn through the exhaust pipe 
(not shown). After a degree of vacuum on the order of 1 x 10" 5 Torr was attained, a voltage was applied across the 
device electrodes through external terminals D G xi - D 0 xnv d oyi ~ D oYn according to the scope of Example 5, whereby 
the above-described electrification treatment (forming treatment) was applied to form the electron-emitting devices and 
fabricate the surface-conduction electron-emitting devices. 

Next the exhaust pipe (not shown) was heated by a gas burner in a vacuum on the order of 1 x 10" 6 Torr, thereby 
sealing off the vessel by fusing it. 

Finally, a getter treatment was applied in order to maintain the vacuum after sealing. 

In the image forming apparatus of the invention completed as descrbed above, scanning signals and modulating 
signals were applied to each of the surface-conduction electron-emitting devices through the external terminals D 0 xi ~ 
D oxm» d oyi ~ D oYn bv signal generating means (not shown), whereby electrons were emitted. A high voltage was 
applied through the high-voltage terminal Hv to display an image. 

In the image forming apparatus fabricated according to this Example, it was confirmed that the device characteris- 
tics were uniform and that luminance irregularity of the displayed image was less than 8% owing to the fact that a 
number of surface-conduction electron-emitting devices wired in the form of a simple matrix could be formed uniformly. 

(Example 7) 

Described next will be an electron source fabricated by carrying out the forming treatment according to another 
method based upon means A-2 of the invention using the electron-source substrate, which has not been subjected to 
the forming treatment, fabricated according to Example 1. 

Fig. 33 illustrates the electrical connections when forming is carried out with regard to half the number of a group 
of 640 x 400 surface-conduction electron-emitting devices, which have not been subjected to the forming treatment, 
wired in a simple matrix array. 

In Fig. 33, , D^. • • • , D x40 o and , Dy2, • • • , Dy^ represent the individual wires of the simple matrix wir- 
ing. Further, V1 , V2 denote power supplied for generating forming pulses. 

Fig. 33 illustrates a voltage application method for a case where the devices indicated in black are subjected to 
selective forming. Specifically, V1 is ground level and V2 is a potential Vf^. A voltage of approximately V2-V1 , namely 
Vform, is applied across both end of the black devices, and approximately 0 V is applied across the white devices. As a 
result, the black devices undergo forming selectively and the white devices are unchanged. 

Fig. 34 illustrates an electric circuit arrangement for carrying out the forming treatment by the above-described 
method. Numeral 341 denotes a substrate of an electron source obtained by wiring, in the form of a simple matrix, 640 
x 400 surface-conduction electron-emitting devices that have not been subjected to the forming treatment. Numeral 342 
denotes a switching circuit, 343 a forming pulse generator and 344 a control circuit. 

Of the row wires (D^ , D^, * * • , D x400 ), the odd-numbered groups are connected to ground level and the even- 
numbered groups are connected to th output of the forming pulse generator 343. Of the column wires (D y1 , D^, • • • , 
D y64o). the odd-numbered groups are connected to ground level or to the output of the forming pulse generator and the 
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even-numbered groups are connected to ground level or to the output of the forming pulse g nerator. However, the col- 
umn wires are not all connected to the forming pulse generator simultaneously. 

The switching circuit 342 changes over the connections of the column wires in response to a signal from the control 
circuit 344. The faming pulse generator 343 outputs the forming pulses in accordance with a control signal generated 

s by the control circuit 344. 

First, prior to the start of forming, all wires are held at ground level. Next, the control circuit 344 sends a signal to 
the switching circuit 342 so as to connect the odd-numbered groups of the column wires to the output of the timing pulse 
generator 343 and connected the even-numbered groups of the column wires to ground level. The control circuit 344 
then sends a signal to the forming pulse generator 343 so that forming is carried out. The forming pulses are applied to 

io the selected surface-conduction electron-emitting devices. At this time a forming current for 320 devices, which is half 
the 640 surface-conduction electron-emitting devices in the row direction, flows into each row wire, and current for 200 
devices similarly flows into each column wire. 

When the forming of all selected devices is completed, the switching circuit 342 is changed over to connect the odd- 
numbered column wires to ground level and the even-numbered column wires to the output of the timing pulse gener- 

75 ator 343, whereby the remaining devices are selected so that the forming pulses may be applied and forming carried 
out in a similar manner. 

In this Example, pulses having a voltage waveform of the kind shown in Fig. 8 were applied to the selected devices 
and the electric forming treatment was performed in accordance with the procedure set forth above. Furthermore, in this 
Example, pulse width T1 was 1 -msec, pulse interval T2 was 1 0 msec, the peak value of the triangular waveform (the 
20 peak voltage at the time of forming) was 5 V, and the forming treatment was carried out for 60 sec under a vacuum of 
about 1 x10" 6 Torr. 

In this Example, a temperature rise due to the current that flows into each wire at forming time could be suppressed 
and there was no damage to the wiring or substrate whatsoever. Furthermore, since a number of the matrix-wired sur- 
face-conduction electron-emitting devices were formed in staggered fashion, as shown in Fig. 33, a temperature irreg- 
25 ularrty did not develop and forming could be carried out in excellent fashion. 

As a result as in Example 5, measuring the electron emission characteristics showed that the electron emission 
efficiency n. = le/lf (%) gas 0.05%. Further, substantially uniform characteristics were obtained for all devices. For 
example, variance in the electron emission efficiency n was less than 13% overall. 

Further, with respect to the image forming apparatus, prior to the forming treatment, fabricated with an arrangement 
30 similar to that of Example 6, a number of surface-conduction electron-emitting devices wired in the form of a simple 
matrix could be formed uniformly also in the image forming apparatus fabricated by applying the forming treatment 
according to the method of this Example. As a result, it was confirmed that the device characteristics were uniform and 
that the luminance irregularity of the displayed image was less than 13%. 

35 (Example 8) 

Examples 1 through 7 relate to a method of supplying current through wiring from external terminals so as to apply 
a forming voltage to only some of the devices. In this example, however, current is supplied to devices by the aforesaid 
means B-1 using electrical connecting means other than wiring. 
40 The method used in this Example can be implemented with either the above-described ladder arrangement or sim- 
ple matrix arrangement independently of the manner in which the wiring is arrayed. 

First, the process for fabricating an electron source in which surface-conduction electron-emitting devices are con- 
nected in the ladder array will be described with reference to Fig. 65. 

A thin film of Ni having a thickness of 1000 angstroms was formed by vacuum deposition on a substrate 651 
45 obtained by forming a film of silicon oxide to a thickness of 0.5 Jim on a cleaned sheet of blue glass by means of sput- 
tering. Device electrodes 655, 656 were then formed by photolithography. 

A Cr f ilm having a film thickness of 1 000 angstroms was deposited by vacuum deposition and subjected to pattern- 
ing by photolithography using a mask (Fig. 29) having the inter-device electrode gap L1 and an openings in the vicinity 
thereof. Organic Pd (CCP4230, manufactured by Okuno Seiyaku K.K.) was then rotatively applied to the Cr thin film by 
so a spinner, after which a heating and baking treatment was applied for 10 min at 300°C. 

The Cr film and the thin film (the main ingredient of which is Pd) thereon were etched to form a desired pattern. 
Thus was formed a thin film 652, for forming electron emission portions, comprising fine particles of Pd. The width W2 
was made 300 jim. 

Fig. 35 is a perspective view for describing multiple electron sources arranged in a plurality of lines, as well as elec- 
55 trrf ication using forming electrical connecting means, which is a characterizing feature of the present invention. Numeral 
351 denotes a surface-conduction electron-emitting device, 1000 of which are arrayed in parallel. Numeral 352 denotes 
an Ni electrod , which serves as common wiring for passing current through each of the devices. Needle-shaped cop- 
per terminals 353 serve as terminals for achieving electrical connection at a plurality of portions of the common wiring 
252. Bulk wiring 354 made of copper electrically connects the copper terminals 353 and a forming power supply. The 
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above-mentioned copper terminals are so arranged as to be connected in 332 sets every three surface-conduction 
electron-emitting devices. The copper terminals are contact-bonded to the common wiring 352 and a voltage necessary 
for the forming of devices is applied to the common wiring 352 from the forming power supply to form fissures that 
become electron emission portions. 

5 The sectional area of the bulk copper wiring 354 was made greater than 1 mm 2 in order that the resistance of the 
bulk copper wiring 354 between the devices will be less than 1/1 000 that of the common wiring 352. 

If a variance develops in fissure formation, which is a problem of the prior art as described earlier, uniformity in elec- 
tron emission efficiency between devices cannot be obtained. However, when the forming voltage was applied using 
the forming apparatus of the invention, the variance in the voltage at the portions in contact with the copper terminals 

io (353 in Fig. 35) was held to less than 0.001 V. Variance in the electron emission efficiency between devices was held 
to less than 5% as an actual characteristic of the devices. 

(Example 9) 

is Here an example will be described in which an image forming apparatus was constructed using the electron-source 
substrate, fabricated through a process the same as that of Example 8, that has not been subjected to the forming treat- 
ment. This will be described with reference to Figs. 21 and 60. 

First, a forming treatment using electrical connecting means was performed in a nitrogen environment in the same 
manner as in Example 8, and the substrate was fixed to the rear plate. 

20 Fig. 21 is a schematic showing the panel structure of an image forming apparatus equipped with a multiple electron 
source in a ladder array. In Fig. 21 , VC represents a vacuum vessel made of glass, a portion FP of which is a face plate 
on the front surface side. Transparent electrodes made of ITO, for example, are formed on the inner surface of the face 
plate FP, and the transparent electrodes are coated with f luorescer for red, green and blue in a mosaic pattern or striped 
pattern. In order to avoid a complicated diagram, the transparent electrodes and f luorescer are represented collectively 

25 by PH in Fig. 21. 

A black matrix or black stripes well known in the CRT field may be provided between the f luorescer of each color, 
and it is also possible to form a well-known metal back layer on the f luorescer. The above-mentioned transparent elec- 
trodes are electrically connected to the outside of the vacuum vessel through a terminal EV so that an electron-beam 
accelerating voltage can be applied. In this Example, a high voltage of 4 kV was applied. 

30 The rear plate S is the substrate of the multiple electron beam source and is secured to the bottom of the vacuum 
vessel VC. Surface-conduction electron-emitting devices are formed and arrayed on the substrate in the manner 
described above. In this Example, 200 device rows are provided, in each of which 200 devices are wired in parallel. The 
two wiring electrodes of each device row are connected alternately to electrode terminals D p1 ~ D p20 o and D m1 ~ 
D m2 oo. which are provided on respective side faces of the panel. Thus, electric driving signals can be applied from out- 

35 side the vessel. 

Further, grid electrodes GR in the form of stripes are provided intermediate the rear plate S and the face plate FP. 
The grid electrodes GR are 200 independent electrodes provided perpendicular to the device rows (i.e., in the Y direc- 
tion). Each grid electrode is provided with an opening Gh through which an electron beam is transmitted. The holes Gh 
are circular and each is provided to correspond to one of the surface-conduction electron-emitting devices. In certain 

40 cases, however, a number of them may be provided in the form of a mesh. The grid electrodes are electrically con- 
nected with the outside of the vessel by electrode terminals Gj ~ G^oo- As long as the grid electrodes are capable of 
modulating the electron beams emitted by the surface-conduction electron-emitting devices, the shape at the positions 
at which they are placed need not necessarily be as shown in Fig. 21 . For example, the grid electrodes may be provided 
at the periphery of the surface-conduction electron-emitting devices or near the periphery. 

45 In this display panel, a 200 x 200 XY matrix is constructed by the device rows of the surface-conduction electron- 
emitting devices and the grid electrodes. Accordingly, by simultaneously applying modulating signals for one line of an 
image to a grid electrode row in synchronism with successively row-by-row drive (scanning) of the device rows, irradia- 
tion of the phosphors with each electron beam is controlled to display the image line by line. 

Fig. 53 is a block diagram illustrating an electric circuit for driving the display panel of Fig. 21 . Shown in Fig. 53 are 

so the display panel of Fig. 21 , indicated at number 600, a decoding circuit 601 for decoding a composite image signal that 
enters from the outside, a serial/parallel converting circuit 602, a line memory 603. a modulating signal generating cir- 
cuit 604, a timing control circuit 605 and a scanning signal generating circuit 606. The electrode terminals of the display 
panel 600 are connected to various electric circuits. The terminal EV is connected to a high-voltage source HV that gen- 
erates an accelerating voftage of 10 kV, terminals Gj ~ G200 are connected to the modulating signal generating circuit 

ss 604, terminals D p1 ~ Dp2oo are connected to the scanning signal generating circuit 106, and terminals D m1 ~ Dmaoo are 
connected to ground. 

The functions of these components will now be descrfced. The decoding circuit 601 is for decoding a composite 
image signal, such as an MTSC television signal, that enters from the outside. The decoding circuit 601 separates the 
composite image signal into a luminance signal component and a synchronizing signal component outputs the former 
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to the serial/parallel converting circuit 602 as a data signal Data and outputs the latter to the timing contr I circuit 605 
as a synchronizing signal T S ync- More specifically, the decoding circuit 601 arrays the luminance of each of the R, G, 
B color components in conformity with the color-pixel array of the cGsplay panel 600 and successively outputs the result 
to the serial/jsarailel converting circuit 602. Further, the decoding circuit 601 extracts a vertical synchronizing signal and 

5 a horizontal synchronizing signal and outputs these signals to the timing control circuit 60S. Using the synchronizing 
signal T SYN c as a reference, the timing control circuit 605 generates various timing control signals to coordinate the 
operating timing of each component. In other words, the timing control circuit 605 outputs timing control signals T SP 
T MRY T M00 and Tscan to the serial^arallel converting circuit 602, the line memory 603. the modulating signal gener- 
ating circuit 604 and the scanning signal generating circuit 606, respectively. 

70 The serial/parallel converting circuit 602 successively samples the luminance signal Data, which enters from the 
decoding circuit 601, based upon the timing signal T SP entering from the timing control circuit 605, and outputs the 
result to the line memory 603 as 200 parallel signals Ij ~ l 2 oo. The timing control circuit 605 outputs the write timing 
control signal T MRY to the line memory 605 at the moment one line of data of the image is converted from serial to par- 
allel data. Upon receiving the signal T MRY the line memory 603 stores the contents of the signals h ~ I200 and outputs 

is this to the modulating signal generating circuit 604 as \\ ~ l' 2 oo- However, ~ l^oo is held in the line memory 603 until 
the next write timing signals T MRY enters. 

On the basis of the luminance data of one line of the image that enters from the line memory 603, the modulating 
signal generating circuit 604 generates a modulating signal that is applied to the grid electrodes of the display panel 
600. Specifically, the modulating signal generating circuit 604 applies modulating signals to the terminals ~ G200 

20 simultaneously in conformity with the timing control signal T MOD generated by the timing control circuit 605. The mod- 
ulating signals employ a voltage modulation method for changing the magnitude of voltage in dependence upon the 
luminance data of the image. However, it is possible to employ a pulse-width modulation method for modulating the 
width of voltage pulses in dependence upon the luminance data. 

The scanning signal generating circuit 606 generates voltage pulses for suitably driving device raws of the surface- 

25 conduction electron-emitting devices constituting the display panel 600. A switching circuit within the scanning signal 
generating circuit 606 is changed over in accordance with the timing control signal Tscan generated by the timing con- 
trol circuit 605, thereby selecting either a suitable driving voltage VE [V], which is generated by a constant-voKage 
source DV and exceeds a threshold value of the surface-conduction electron-emitting devices, or the ground level (i.e., 
0 v) and applying the selected potential to the terminals D p1 - Dp2oo- 

30 By virtue of the circuitry described above, drive signals are applied to the display panel 600 at a specific timing. 
That is, the voltage pulses of amplitude VE [V] are applied to the terminals D p1 , Dp2, Dp3 successively in the order men- 
tioned at the display time of each line of the image. On the other hand, the ground level of 0 V is connected to the ter- 
minals D m1 ~ D^oq at all times. Therefore, the device rows are successively driven by the voltage pulses starting from 
the first row. The driven devices emit electron beams. 

35 Further, in synchronism with the foregoing, the modulating signal generating circuit 604 applies modulating signals 
of ne line of the image to the terminals G1 ~ G200 simultaneously. The modulating signals are changed over succes- 
sively in synchronism with the changeover of the scanning signals to display one screen of the image. By continuously 
repeating this operation, it is possible to display a moving television picture. 

In the image forming apparatus fabricated according to this Example as well, it was confirmed that the device char- 

40 acteristics were uniform and that luminance irregularity of the displayed image was less than 5% owing to the fact that 
a number of surface-conduction electron-emitting devices wired in the form of a parallel ladder could be formed uni- 
formly. 

(Example 10) 

45 

According to this example, a plurality of the needle-shaped copper terminals, which constitute the electrical con- 
necting means described in Example 8, are joined transversely to form a unitary body. 

Fig. 36 is a perspective view illustrating an electrical connecting portion for describing this Example. Numeral 361 
denotes a surface-conduction electron-emitting device, 362 wiring and 363 a contact terminal for making electrical con- 
so nection. The latter consists of copper, as in Example 8. As will be understood from Fig. 36, the contact terminals, which 
were needle-shaped in Example 8, here are joined transversely to form a knife edge. Consequently, the resistance 
present between electrical connecting terminals becomes substantially zero since they are joined by bulk metal. Fur- 
thermore, the wiring resistance between terminals becomes negligible. This means that it is possible to reduce even 
further the variance in the forming voltage applied to the devices at the time of the electrification process. In a case 
55 where an electron-source substrate the same as that used in Example 8 is subjected to forming using the above-men- 
tioned electrical connecting means, the variance in voltage applied to each device at the time of forming was 0.001 V 
in Example 8. In this example, however, the variance is less than 0.0001 V. As a result, it was confirmed that the vari- 
ance in electron emission efficiency (0.05 %) between devices was held to less than 5% as an actual device character- 
istic. Further, when the image forming apparatus is formed in the same manner as in Example 9, it was confirmed that 
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the device characteristics were uniform and that luminance irregularity of the displayed image was less than 5% owing 
to the fact that a number of surface-conduction electron-emitting devices could be formed uniformly. 

(Example 11) 

5 

Examples 8 and 10 relate to the forming of a multiple electron source composed of surface-conduction electron- 
emitting devices arrayed in one transverse row. In this Example a case is described in which the aforementioned means 
B-1 is applied to a multiple electron source in which 1 00 x 1 00 devices are wired two-dimensionaiiy in the form of a sim- 
ple matrix. 

w Reference will be had to Figs. 37A, 37B, 37C to describe a process in which the wiring arrangement and the sur- 
face-conduction electron-emitting devices constituting the electron sources are formed in the same manner as set forth 
in Example 1, and forming is carried out by connecting electrical contact means to an electron-source substrate on 
which a plurality of surface-conduction electron-emitting devices are arrayed. 

As shown in Fig. 37C, electrical connecting means 377, 378 (needle-shaped connecting portions referred to as 

75 probes) are arranged in two rows in staggered fashion. The probes are connected to the devices at a ratio of one set 
per device, and respective probes are connected by low-resistance wires 3710, 371 1 to the vicinity of both ends of sur- 
face-conduction electron-emitting devices, which are connected in a certain row, so that potentials V1, V2 will be 
applied to the devices. Each probe is a spring pin made of tungsten the contact resistance of which is less than 0.1 Q 
when the pin is pressed to apply a load of several tens of grams. In order to reduce contact resistance even further, in 

20 this Example the tip of each spring pin and a portion 373 on the wiring contacted by the probe were coated with a low- 
resistance metal, which is Au in this Example. As a result, contact resistance was made less than 0.01 a 

These probes are connected to a power supply for generating forming pulses. The forming pulses have the wave- 
form shown in Fig. 8, where T1 was set to 1 msec, T2 to 1 0 msec and the peak voltage to 4 V. Upon completion of the 
forming of one line, the line to which the probes are connected is changed. This process is repeated to carry out forming 

25 successively until all of the surface-conduction electron-emitting devices are formed. 

Upon applying a forming voltage using the forming apparatus of the invention, it was found that variance in the volt- 
age at the contact portions of the spring pins was held to less than 0.01 V, and that the variance in electron emitting 
efficiency (0.05 %) between devices was held to less than 5% as an device characteristic. 

In this Example, one set of probes was connected to one surface-conduction electron-emitting device. However, 

30 upon taking into consideration the wiring resistance and the device resistance, the same effects can be obtained even 
if one set of probes is connected to several devices at a time. 

Further, the probe was brought into contact with exposed portion of the wiring surface in this Example. However, in 
a case where the wiring surface is not exposed, such as when it has been covered by an insulating layer, the same 
effects can be obtained by fabricating a substrate from which the insulating layer at the probe-contact portion has been 

35 removed and carrying out forming in the same manner as in this Example. 

(Example 12) 

An example of an image forming apparatus constructed using the electron-source substrate, which has not been 
40 subjected to the forming treatment fabricated according to Example 1 1 will now be described with reference to Fig. 24. 
First, a forming treatment similar to that of Example 1 1 was performed in air or in a nitrogen environment, and the 
substrate was fixed to the rear plate 241 . 

Thereafter, an image forming apparatus was fabricated through an arrangement and method similar to those of 
Example 2. In the image forming apparatus thus completed, scanning signals and modulating signals were applied by 
45 signal generating means (not shown) to each of the surface-conduction electron-emitting devices through the external 
terminals D x1 ~ D^, D y1 - Dyn, and a high voltage of 5 kV was applied through the high-voltage terminal Hv to display 
an image. 

In the image forming apparatus fabricated according to this Example as well, it was confirmed that the device char- 
acteristics were uniform and that luminance irregularity of the displayed image was less than 5% owing to the fact that 
so a number of surface-conduction electron-emitting devices wired in the form of a simple matrix could be formed uni- 
formly. 

(Example 13) 

55 This Example also relates to a case in which the means B-1 is applied to an electron source in which surface-con- 
duction electron-emitting devices are arranged in the form of a simple matrix. This is a forming method in which electri- 
cal connecting means is provided for rows only or columns only. Reference will be had to Fig. 38 to describe a process 
in which a wiring arrangement and an electron-source substrate, which is equipped with a plurality of devices before not 
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yet subjected to the forming treatment are formed in the same manner as described in Exampl 1 , and forming is car- 
ried out by connecting current injecting terminals to the electron-source substrate. 

In Example 8. the surface-conduction electron-emitting devices were electrified by two sets of electrical connecting 
means. In this Example, however, forming was carried out by selecting devices of one horizontal row as in Example 1 . 

5 More specifically, the end of the common wiring of one selected row (the line in Fig. 38) was grounded, electrical 
connecting means similar to that of Example 8 was connected to the portion of this wiring to which each selected device 
is connected, and this means also was grounded. Further, the wiring of each column wire (D y1 ~ Dyn in Fig. 38) and the 
row wiring other than that of the line (namely D x1 ~ with the exception of was connected to a forming 
power supply having a potential Vf. Since the voltage Vf is applied in parallel at the same parallel resistance to each 

10 individual device on the anode side, variance in the forming voltage is sufficiently suppressed even though the electrical 
connecting means of the invention is provided on the ground side. All of the devices can be subjected to forming by suc- 
cessively changing the lines selected. 

Upon applying the electric forming treatment according to the above-described method to an electron-source sub- 
strate in which m, n were each set at 1 000, it was found that variance in the voltage at the contact portions of the spring 

75 pins was held to less than 0.01 V, and that the variance in electron emission efficiency (0.05 %) between devices was 
held to less than 5% as an actual device characteristic. 

Further, with respect to the image forming apparatus fabricated in the same manner as described in Example 12, 
using the electron-source substrate fabricated according to this Example, a number of surface-conduction electron- 
emitting devices wired in the form of a simple matrix could be formed uniformly. As a result, it was confirmed that the 

20 device characteristics were uniform and that the luminance irregularity of the displayed image was less than 5%. 

Though the electrical connecting means was provided for each selected device at a ratio of 1:1 in this Example, it 
is possible to improve upon the variance in applied voltage even in a case where the connection point of the electrical 
connecting means is one point. For example, the variance in the electron emission efficiency between the fabricated 
devices could be held to less than 10% even in a case where the forming treatment was carried out by grounding both 

25 ends of the row wire in Fig. 38 and connecting the electrical contact means solely to the central portion of this wire. 

(Example 14) 

This Example relates to an arrangement in which the final stage of the copper terminals serving as the electrical 
30 connecting means described in Example 8 is provided with a portion having a high thermal capacity to embrace a heat- 
ing/cooling apparatus. 

Fig. 39 is a perspective view of an apparatus for describing this Example, and Fig. 40 is a block diagram for describ- 
ing the general features of the apparatus. Numeral 391 denotes a glass substrate and 392 a film of fine particles con- 
structing surface-conduction electron-emitting devices fabricated through a process similar to that of Example 8. The 

35 electrode gap L1 is 20 |im p and 1 000 of the devices are formed in one row. Numeral 393 denotes an Ni electrode pattern 
for commonly passing a current through a plurality of the surface-conduction electron-emitting devices, and numeral 
394 denotes a needle-shaped copper terminal serving as an electric contact terminal that applies the forming voltage. 
Here 332 sets of the copper terminals are arrayed for every three devices. 

Numeral 395 denotes a bulk conductor joined to the copper terminals 394 both electrically and thermally. Here a 

40 copper bar having a cross section of 5 mm x 20 mm is used. Numeral 396 designates a Peltier device serving as a heat- 
ing/cooling apparatus, and 397 a copper bar, which has a cross section of 20 mm x 20 mm, serving as a conductor of 
a high thermal capacity. Numeral 401 denotes a heat radiator, 402 a detector (here a thermocouple is used) for detect- 
ing the temperature of the bulk conductor 395, 403 a temperature controller for driving the heading/cooling apparatus 
and 404 a forming power supply. 

45 In the arrangement described above, the copper terminals 394 are contact-bonded to the common wiring 393 and 
a voltage necessary for the electric forming of devices is applied to the common wiring 393 from the forming power sup- 
ply 404 to form fissures that become electron emission portions. 

At this time the resistance of the copper bar 395 between devices becomes less than 1/1000 that of the common 
wiring 393, as a result of which the variance in forming voltage applied to the devices vanishes in the same manner as 

so described in Example 8. 

Further, since the thermal capacity of the copper bar is very much larger than that of the common wiring 393, the 
temperature at the portions of contact between the common wiring and the copper terminals remains constant at all 
times. Even if the devices are heated by Joule heat resulting from electric forming, monitoring is performed by the ther- 
mocouple 402 and the Peltier device 396 is controlled by the temperature controller 403 to cool the copper bar 395, 

55 whereby it is possible to hold the multiple electron source at a substantially constant temperature. Furthermore, since 
the temperature of the electrodes is held low at all times without variance between devices, the temperature profile of 
the f flm 392 of fine particles becomes steep and a temperature peak is obtained. As a result, the region at which thermal 
breakdown occurs is narrowed and the relative position of this region between devices is rendered constant. Conse- 
quently, variance in the position and shape of the fissure is kept small. 
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In a case where forming voltage was applied to an electron-source substrate similar to that of Example 8 suing the 
forming apparatus of this Example, variance in voltage at the contact portion of the copper terminal 394 was held to less 
than 0.01 V and the variance in the temperature of each device also was held to less than 1 °C. Despite the fact that the 
interelectrode gap L1 was widened to 20 fim, the variance in electron emission efficiency between terminals was held 
5 to less than 5% as an actual device characteristic. 

Further, in the image forming apparatus fabricated in the same manner as described in Example 1 2 using the elec- 
tron-source substrate fabricated according to this Example, a number of surface-conduction electron-emitting devices 
could be formed uniformly. As a result, it was confirmed that the device characteristics were uniform and that the lumi- 
nance irregularity of the displayed image was less than 5%. 

w 

(Example 15) 

This Example relates to an apparatus for actually implementing means B-1. 

Here an electron-source substrate, on which a wiring arrangement and surface-conduction electron-emitting 

is devices, to which the forming treatment has not yet been applied, are formed in the same manner as in Example 1 , is 
provided with electrical contact means, in which a plurality of the electrical contact means are provided on one wire on 
which devices are arrayed in one row. Forming is carried out using this arrangement With regard to one horizontal row 
having 300 of these devices, forming can be carried out by the above-described apparatus. However, in a case where 
200 rows of the devices are arrayed in the vertical direction, as in this Example, the process requires too much time if 

20 this operation is repeated one row at a time. This is inconvenient in terms of mass production. Accordingly, a plurality 
of the above-described forming mechanisms are prepared, these are arranged in parallel and driven simultaneously to 
shorten process time. Fig. 41 is a perspective view showing the apparatus, in which numeral 41 1 denotes a multiple 
electron source whose devices are arranged in the form of a simple matrix array, 412 a forming mechanism in which 
three of the aforesaid electrical connecting means are arranged in parallel, 413 a temperature controller, and 414 a 

25 forming power supply. Though the arrangement of Fig. 41 has three of the electrical connecting means, the number can 
be selected suitably depending upon space on the substrate and the allowable current capacity of the forming power 
supply. The greater the number of electrical connecting means, the more the time required for the process is shortened. 

When the forming operation described in Example 12 was carried out, variance in the electron emission efficiency 
of each surface-conduction electron-emitting device was held to less than 5% and forming was earned out in one third 

30 the time in comparison with the case in which forming was performed repeatedly one row at a time. 

Though an arrangement having three electrical connecting means is shewn in Rg. 41, the number can be selected 
suitably depending upon space on the multiple electron source and the allowable current capacity of the forming power 
supply. The greater the number of electrical connecting means, the more the time required for the process is shortened. 
Examples 8 through 15 relate to a multiple electron source arrayed in one row or a multiple electron source arrayed 

35 two-dimensionally in the form of a simple matrix. However, the electrification method of the invention using the electrical 
connecting means can be used in a similar manner with regard to other ordinary wiring patterns. 

(Example 16) 

40 An example based upon means B-2 of the invention will now be described. 

Here a simple matrix-wired pattern is fabricated through a procedure similar to that of steps (a) - (e) of Example 1 
described above. However, parts of the row wiring are provided with gaps 423, as shown in Fig. 42. 

A process for connecting the gaps 423 by high-impedance wiring 424 will be described with reference to Figs. 43A 
~43D. 

45 Fig. 43A is a sectional view taken along line A-A' of Rg. 42. Next, a nickel-chrome alloy is vacuum-deposited to a 
thickness of about 2000 A using the sputtering method, patterning is carried out by lithography and a high-impedance 
portion 424 is provided on the gap 423 [see Rg. 43B]. Next, one side of the gap portion 423 is coated with gold-silver 
paste 428 using a micro-dispenser [Rg. 43C]. Rg. 44 shews the relevant circuit diagram in simple form. For the sake of 
simplicity, the electron source of this example comprises 6x6 devices. However, an actual electron source according 

so to this Example is composed of 1000 x 1000 devices. Each wire of the X-direction lines D x1 ~ D x1000 is provided with 
high-impedance portions (split portions) at 10 equally spaced locations (i.e., every 100 devices). 

Next, an electron-source substrate, which has not been subjected to the forming treatment, is fabricated through a 
process similar to that of steps (f) ~ (h) in Example 1 . 

Next devices situated on the side near the power supply portion relative to the high-impedance portions, namely 

55 devices D(1 ,1) ~ D(1 ,6) and D(2,1) - D(2,6), are formed device by device. The method of applying voltage at this time 
is as shown in Rg. 44. The latter shows the state in which voltage is impressed across D x1 and D y1 in order to carry out 
th forming of device D(1 ,1). The voltage applied has a pulsed waveform similar to that of Example 8 described earlier. 
As a result, at a forming voltage of 5 V, the current at such time is one-fourth of the current value that prevails when 
forming treatment is line forming, as examples. 
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This is followed by applying laser fight from the underside of the substrate to raise the temperature of the nickel- 
chrome thin f flm 424 at R(1 , 1 ) ~ R( 1 ,6) and mett th paste 428. Numeral 429 illustrates th portion of the melted paste 
[see Fig. 45D]. By repeating the sam process for the other gap portions as well, the split portions at R(1,1) - R(1,6), 
shown in Fig. 44, on each X-direction line are connected by low-resistance conductors. Thereafter, the forming treat- 

5 ment is performed in the same manner with regard to the next region, namely the devices at D(3,1) ~ D(3,6), D(4,1) ~ 
D(4,6). The split portions R(2, 1 ) ~ R(2,6) are then made low-resistance portions. This is repeated to subject all devices 
to the forming treatment. As a result, there is obtained an electron source having surface-conduction electron-emitting 
devices 482 arrayed in the form of a simple matrix of the kind shown in Fig. 46. 

The electron source thus created has its electron emission characteristic measured by the above-described appa- 

10 ratus. Variance in the electron emission efficiency T)=le/tf (%) was 0.05%. The variance of the efficiency was less than 
7% for the overall panel. 

In this Example, a case is described in which forming is carried out device by device in the regions divided by the 
high-impedance portions. However, it is possible to select one line in the region and carry out line forming, as in Exam- 
ple 1 . In such a case the variance in the electron emission efficiency was held to less than 5% for the substrate overall. 

15 

(Example 17) 

An example of an image forming apparatus constructed using the electron-source substrate, which has not been 
subjected to the forming treatment fabricated according to Example 1 6 will now be described with reference to Fig. 24. 
20 First, a forming treatment similar to that of Example 1 6 was performed in air or in a nitrogen environment, and the 
substrate was fixed to the rear plate 241 to fabricate the image forming apparatus. 

In the image forming apparatus thus completed, scanning signals and modulating signals were applied by signal 
generating means (not shown) to each of the surface-conduction electron-emitting devices through the external termi- 
nals D x1 - Dxm, D y1 - Dyn, and a high voltage of 5 kV was applied through the high-voltage terminal Hv to display an 
25 image. 

In the image forming apparatus fabricated according to this Example as well, it was confirmed that the device char- 
acteristics were uniform and that luminance irregularity of the displayed image was less than 3% owing to the fact that 
a number of surface-conduction electron-emitting devices wired in the form of a simple matrix could be formed uni- 
formly. 

30 In the Example described above, the image forming apparatus is fabricated by carrying out the forming treatment 
and then fixing the substrate to the rear plate. However, the variance in the device characteristics was held to less than 
5% as in the previous Example even by constructing the image forming apparatus using an electron-source substrate 
not yet subjected to the forming treatment then carrying out forming by supplying current through the external terminals 
D x1 ~ Djot,, D y1 ~ Dy„ and making the change from the high-impedance portions to the low-resistance portions by apply- 

35 ing heating through the rear plate using laser light. 

(Example 18) 

Fig. 47 is a plan view of an electron source according to another example applying means B-2. 
40 In this Example, surface-conduction electron-emitting devices are wired one-dimensionally in the form of a ladder, 
as shown in Fig. 47, and a portion of the wiring is provided with a gap. The process for fabricating wiring with a gap will 
be described in line with Example 16. 

Accordingly, the forming treatment and a process for connecting gaps 491 after implementation of the forming treat- 
ment will be described with reference to Fig. 47 and Figs. 48, 49A, 49B. 
45 Fig. 20B is a simple circuit diagram showing the completed wiring with gaps. For the sake of simplicity, the number 
of pixels in the display panel is 6 x 6, and the blocks are divided every two devices. However, the electron source used 
here is composed of 1000 rows in each of which 1000 devices are wired, and the wiring is split at ten equally spaced 
locations (every 100 devices). 

Fig. 49A illustrates a cross section of the gaps. Probes 512 identical with those of Example 6 are connected to 
so probe connection points 51 1 in Fig. 49B, a forming power supply 51 3 is connected and the forming treatment is carried 
out for the devices on one line simultaneously. The method of applying voltage is shown in Fig. 49. 

Each forming voltage was 5 V, and the current for each block (100 devices) at this time was about 3.0 A. This is 
equivalent to one-tenth of that in the case where the wiring is not split 

Next as shown in Fig. 48B, the gap 491 is connected by being bonded using three gold wires 492, each of which 
55 has a diameter of 30 jim, per location, thereby completing the multiple electron-source substrate. 

In accordance with the basic concept of the invention, as described above, the structure of the devices, the material 
and the method of manufacture are not necessarily limiting. Accordingly, the size of the divisions may be decided in 
dependence upon the forming current per device. 
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When the device characteristics per pixel were actually measured in the same manner as in Example 16, it was 
found that the electron emission efficiency r| = le/lf (%) was 0.05% on average. Further, the variance thereof was h Id 
to less than 6% for the panel overall. 

In an image forming apparatus formed in the same manner as in Example 9 using the forming method of this Exam- 
s pie, it was confirmed that the device characteristics were uniform and that luminance irregularity of the displayed image 
was less than 6% owing to the fact that a number of surface-conduction electron-emitting devices wired in the form of 
a simple matrix could be formed uniformly. 

(Example 19) 

10 

Another example will now be described in which the means B-3 is applied to fabricate an electron source having 
surface-conduction electron-emitting device wired in the form of a simple matrix 

Through a process similar to that of Example 1, an electron-source substrate on which surface-conduction elec- 
tron-emitting devices not yet subjected to the forming treatment are wired in the form of a simple matrix is fabricated. In 
is this Example, a simple matrix arrangement having devices wired in a 100 x 100 array was fabricated. The resistance of 
each device was about 1 kQ in the state prior to forming, and the resistance of the upper and lower wiring per device 
was about 0.01 £L Two of the electron-source substrates thus fabricated were prepared and forming was carried out 
through two different methods described below. 

20 (Forming Method 1) 

First, the forming method of the present invention will be described with reference to Fig. 55. An external scanning 
circuit 632 and a voltage source 633 are connected for controlling connections in such a manner that connection termi- 
nals Doyj - Doy Kl which lead to the upper wiring of an electron-source substrate 631 completed in the manner 

25 described above, become power supply portions 635 in successive fashion (D^ is the power supply portion in Fig. 55) . 
Connection terminals D ox1 ~ D oxN leading to the lower wiring are grounded. Here the current that flows through the 
power supply portion is capable of being monitored by a current monitoring circuit 634. The arrangement is such that 
the impedance of one line to be subjected to the forming treatment is capable of being sensed. 

A forming waveform shown in Fig. 54 was applied to carry out forming. Here T1 , 12 and N were set at 1 msec, 10 

30 msec and 1 0, respectively. The number of blocks was ten. When forming is carried out for k lines and m blocks, the volt- 
age (peak value) applied to the current power supply portion was made 

vO(Km) = 8.5x[1+W10000+0.05m-0.001mxmJ;m=1«10 

35 Impedance was measured by applying a voltage VI less than the applied voltage vO (Km) after application of re- 
number of the forming pulses of Fig. 54. The measurement of impedance was performed without influencing devices 
not yet subjected to forming. In a case where the measured impedance is less than that which prevails when it is judged 
that k lines and m blocks, which are object of forming, have been formed, it is judged that the devices that are the object 
of forming have not yet been formed, and an additional forming pulse is generated [Fig. 54B]. 

40 

(Forming Method 2: Example for Comparison) 

A circuit is connected by an arrangement similar to that of Forming Method 1 to one more electron-source substrate 
prepared in the manner set forth above. In this method, however, the current monitor circuit did not operate and line 

45 forming was carried out using the forming waveform of Fig. 18, with T1 set at 1 msec, T2 at 1 0 msec and at a constant 
applied voltage having a peak voltage value of 9.3 V. 

In the multiple surface-conduction electron-emitting device electron source completed as described above (accord- 
ing to both Forming Methods 1 and 2), the device characteristics per surface-conduction electron-emitting device were 
measured, in the same manner as in Example 16, through the terminals D x1 ~ D^, D y1 - Dyn. With Forming Method 

so 1 , the electron emission efficiency r\ = le/tf (%) was 0.1%. The variance thereof was less than 5% for the panel overall. 
With Forming Method 2, on the other hand, the electron emission efficiency r\ = le/lf (%) was 0.05%. The variance 
thereof was greater than 10% for the panel overall. 

Address detection was carried out by measurement of impedance in this Example. Means for detecting addresses 
based upon the potential distribution of wiring will be described with reference to Figs. 51 A and 51 B. 

55 Owing to a change in the impedance of each device before and after forming, potential of the wiring in the vicinity 
of the device undergoes a large change when forming is concluded [see Fig. 51 B)]. The address of an device that has 
undergone forming can be detected also by detecting this change, namely by connecting probe pins 531 to wiring and 
detecting the change in the potential distribution of the wiring. 
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(Example 20) 

An example of an image forming apparatus constructed using the electron-source substrate, which has not been 
subjected to the forming treatment, fabricated according to Example 5 will now be described with reference to Fig. 24. 

s The electron-source substrate 111; which has not been subjected to the aforementioned forming treatment was 
secured to the rear plate 241 , after which the face plate 246 was disposed above the electron-source substrate via the 
supporting frame 242. The joints of the face plate 246, supporting frame 242 and rear plate 241 were coated with frit 
glass, which was then baked in the atmosphere or in a nitrogen environment at 400°C for no less than 15 min to effect 
sealing. Fixing of the electron-source substrate 1 1 1 to the rear plate 241 was also accomplished by using frit glass. 

10 The environment within the glass vessel completed as described above was withdrawn through an exhaust pipe 
(not shown) using a vacuum pump. After a degree of vacuum greater than 1 x 10" 5 Ton* was attained, a voltage was 
applied across the device electrodes through external terminals D X1 ~ D^, D Y1 - Dy n according to the Example 19, 
whereby the above-described electrification treatment (forming treatment) was applied according to two methods iden- 
tical with those of Example 19 to form the electron emission portions and fabricate the surface-conduction electron- 

15 emitting devices. 

Next the exhaust pipe (not shown) was heated by a gas burner in a vacuum on the order of 1 x 10" 6 Torr, thereby 
sealing off the vessel by fusing it. 

Finally, a getter treatment was applied in order to maintain the vacuum after sealing. 

In the image forming apparatus of the invention completed as described above, scanning signals and modulating 
20 signals were applied to each of the surface-conduction electron-emitting devices through the external terminals D X1 ~ 
Dxm, °Y1 ~ Dyn bv signal generating means (not shown), a high voltage of 6 kV was applied through the high-voltage 
terminal Hv and an image was displayed. 

When the luminance of all pixels was measured, the results shown in Fig. 50 were obtained. Specifically, with Form- 
ing Method 1 of the present invention as set forth in Example 19, it was found that irregular luminance was very small 
25 across the entire panel. By contrast with Forming Method 2 it was found that luminance was high along three edges of 
the screen but very low along the middle of the screen. In other words, by controlling the voltage value applied to the 
power supply portions in dependence upon the address of each device, irregularity in luminance was reduced to less 
than 5% and a high-quality image forming apparatus could be obtained. 

30 (Example 21) 

Next an image forming apparatus constructed using an electron source, in the form of a ladder array, fabricated by 
applying the aforesaid means B-3 will be described with reference to Fig. 21. Surface-conduction electron-emitting 
devices not yet subjected to forming were fabricated on the insulative substrate 21. The fabrication process was the 
35 same as that of Example 8, and the dimensions of the surface-conduction electron-emitting devices (prior to forming) 
also were the same as those in Example 8. The number of devices in one row was 200, and the electrode power supply 
portion and grounded portion were provided at one location each at both ends of the line. The equivalent circuit is as 
shown in Fig. 16E. 

The electron-source substrate thus fabricated was subjected to forming using the forming waveforms shown in Fig. 
40 52. The peak value of this pulse group gradually increases from 8 V, reaches a maximum of 9 V, then gradually 
decreases and returns to 8 V. This process is repeated twice. T1 was set at 1 msec and T2 at 10 msec, and the overall 
process for the two repetitions was about 5 sec. The voltage value used here was the most suitable selected from a 
variety of considered conditions. As a result the variance in electron emission efficiency was less than 7% and highly 
uniform electron emission characteristics were obtained for each device. In this Example, excellent line forming was 
45 carried out without detecting the address of devices already subjected to forming. 

In Examples 1 to 21 described above, it is illustrated that several of the aforementioned means A-1, A-2, B-1, B-2 
and B-3 can be combined. However, combinations other than those illustrated also are possible. 

In the Examples described above, the forming treatment is carried out by applying triangular pulses across the 
device electrodes. However, the waveforms applied across the device electrodes are not limited to triangular waves; any 
so desired waveform such as a square wave may be used and the peak value, pulse width and pulse interval thereof are 
not limited to the above-mentioned values. Desired values can be selected as long as the electron emission portions 
are formed in favorable manner. 

Similar results were obtained in the foregoing Examples in a case where step-type surface conduction emission 
device were used as the surface-conduction electron- emitting devices. 
55 Further, application of the invention is not limited to surface-conduction electron-emitting devices. The invention 
can be used in other devices requiring forming, such as MIMs. 

Thus, according to the present invention as described above, there are provided an electron source having a plu- 
rality of electron-emitting devices arrayed on a substrate, an image forming apparatus and a method of manufacturing 
the same. In the forming process for forming the electron emission portions of the plurality of electron-emitting devices, 
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(A) an external current supplying mechanism is provided in such a manner that voltage is applied solely to groups of 
the devices at desired portions and not to other groups of devices, whereby forming is carried out not simultaneously 
for all electron-emitting devices on the substrate but successively by dividing the devices into a plurality of groups, and 

(B) a mechanism is provided so that when a group of devices at a desired portion is subjected to forming, each device 
5 undergoes forming at substantially the same voltage or at substantially the same power and forming is carried out in 

successive fashion. Accordingly, the following effects are obtained: 

(1) Destruction due to static electricity during forming does not occur, as a result of which a higher manufacturing 
yield is obtained. 

w (2) Diversion of voftage and current to the surface-conduction electron-emitting devices during forming does not 
occur, and a decrease in the cf strbution of forming voftage or power due to a potential drop in the wiring is reduced. 
As a result, it is possible to create an electron source in which a distribution in electron emission characteristics is 
reduced. 

(3) As a result of (2) above, it is possible to obtain an image forming apparatus having little irregularity in luminance, 
15 thus making it possible to display a high-quality picture. 

(4) The limitation upon the number of devices capable of being connected to one line of wiring is alleviated, thus 
making it possible to obtain an image forming apparatus that displays a high-quality picture of large area. 

(5) ft is unnecessary to use comparatively costly materials such as gold or silver in order to lessen wiring resist- 
ance. There is greater degree of freedom in terms of selecting the material, and less expensive material can be 

20 used. 

(6) ft is unnecessary to form thick wiring in order to lessen wiring resistance. As a result the time required for the 
manufacturing process, namely for the forming and patterning of the electrodes, is shortened and ft is possible to 
reduce the cost of the equipment required. 

25 As many apparently widely different embodiments of the present invention can be made without departing from the 
spirit and scope thereof, ft is to be understood that the invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 

A method of manufacturing an electron source having a plurality of surface-conduction electron-emitting devices 
arranged on a substrate in row and column directions includes the forming of electron emission portions of the plurality 

30 of surface-conduction electron-emitting devices. The forming is carried out by supplying current through the plurality of 
surface-conduction electron-emitting devices upon dividing them into a plurality of groups. An image forming apparatus 
passes a current through a plurality of electron sources, which are formed on a substrate and arrayed in the form of a 
matrix, in dependence upon an image signal, and an image is formed by a light emission in response to electrons emit- 
ted from the plurality of electron sources. 

35 

Claims 

1. A method of manufacturing an electron source having a plurality of surface-conduction electron-emitting devices 
connected to a plurality of wires on a substrate; comprising the steps of: 

40 supplying electric power to a plurality of conductive films connected to the plurality of wires from electrical 

connecting portions arranged to contact with said a plurality of wires at a plurality of locations thereof. 

2. The method according to claim 1 , wherein said electrical connecting portions have a plurality of contact terminals 
arranged to contact with said plurality of wires at a plurality of locations thereof. 

45 

3. The method according to claim 1 , wherein said electrical connecting portions have contact surfaces capable of con- 
tacting with said plurality of wires over the surface thereof. 

4. The method according to claim 1, wherein said electrical connecting portions comprise members exhibiting a 
so resistance lower than that of said wires. 

5. The method according to claim 1 , in said supplying step of electric power, temperature of said electrical connecting 
portions is monitored and the temperature is controlled to be approximately constant. 

55 6. The method according to claim 1 , wherein surface portions of said wires to which said electrical connecting por- 
tions are arranged to contact are covered with a metal exhibiting a low resistance. 

7. Th method according to claim 1 , wherein said plurality of wires are covered with insulating members except at 
contact holes through which said electrical connecting portions are capable of contacting said wires. 
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8. The method according to claim 1 , wherein in the supplying step, electric power is supplied from a pow r supply por- 
tion connected to one end of each of the plurality of wires in addition to supplying electric power from the electrical 
connecting portions arranged to contact said wires. 

5 9. The method according to claim 1 , wherein in the supplying step, electric power is supplied from power supply por- 
tions connected to both ends of each of said plurality of the wires in addition to supplying electric power from the 
electrical connecting portions arranged to contact said wires. 

10. The method according to claim 1 , wherein said plurality of wires include a plurality of row-direction wires and col- 
io umn-cfirection wires, and said plurality of surface-conduction electron-emitting devices are arranged in a matrix 

form to be connected with the plurality of row-cfirection wires and columrvdirection wires. 

1 1 . The method according to claim 1 , wherein each of the plurality of wires is arranged in parallel each other, each of 
the surface-conduction electron-emitting devices is connected between wires. 
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